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TURBO-MIXER 


GENERAL AMERICAN VRANSPORTATION CORPORATION 


There's no such thing as an “off-the-shelf” Turbo-Mixer. While leading firms every- 
where use “Turbos” for mixing liquids with liquids, solids and or gases, every one, 
without exception, was planned for the job it does. 

Permanent peak production usually requires continuous duty. All Turbo-Mixers are 
designed with ample safety factors for 24-hour service. 

Often pilot plant or laboratory models are needed. Turbo-Mixer engineers specialize 
in the design of such units for extrapolation purposes. 

For dependable, custom-built, controlled agitation— 
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The A.L.Ch.E. just passed an im- 
portant milestone in its history last 
month (after we had gone to press) 
when it obtained member number 
10,000. Ten thousand of the 
world’s best chemical engineers in 
one organization, such as ours, is 
certainly something to be proud of 
and something to talk about. 


The A.I.Ch.E. is now 42 years old 
and the next goal is 15,000 mem- 
bers. We ought to have them, and 
more, by the time our Golden 
Anniversary rolls around in 1958. 
But in dynamic organizations such 
as the A.I.Ch.E. we don’t stop with 
10,000, for even now we are well 
over 10,100—all chemical engi- 
neers—all the best there is. 


As billed here in May, this month 
C.E.P. publishes the papers in the 
Training Engineers in Industry Sym- 
posium held in Pittsburgh. Here 
many worth-while ideas are offered 
by the speakers and a responsive 
audience. Progressive industrial 
education at its best! 

This month’s Marginal Notes con- 
tains a valuable review for scien- 
tists and engineers concerned with 
nuclear physics and nuclear chem- 
istry. The book—"Trilinear Chart 
of Nuclear Species,” by William H. 
Sullivan. 


Again the Data Service in this issue 
contains the latest literature on 
equipment and chemicals. Encircle 
the numbers as directed and send 
in the card. Your needs will be our 
immediate concern. 


Good jobs await good chemical 
engineers. When looking for a new 
assignment use our Classified Sec- 
tion. See Situations Open in this 
month's issue. A supervising chemi- 
cal engineer and a market analyst 
ore wanted. 


Something new in ion exchange 
developed by Rohm & Hass is the 
subject of a news story in this issue. 
Read about the Monobed tech- 
nique on page 18. 


This issue contains a preliminary 
report on the meeting in Swamp- 
scott. Look for details and pictures 
in the July issue. 


Something else in next month's 
issue which you will want to read 
thoughtfully—the beginning of a 
two-part Industrial Waste Sym- 
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GET THE RIGHT 
ANSWER WITH 
A TEST RUN IN THE 
LINK-BELT DRYER LABORATORY 


What equipment should you have? What are the best procedures? 
How can you improve results? The Link-Belt Dryer Laboratory was built to 
give you positive answers to questions about drying, cooling, roasting, 
processing. 

A test run, without obligation, can be arranged at your convenience. 
Simply call your nearest Link-Belt plant or office. 


May we send you Catalogs No. 1911-A and 2209? 


LIN K-BELT COMPANY 6. 40, Ationte, Houston 1, Minneopelis 5, 


Sen Froncisce 24, Los Angeles 33. Seottie 4, Torente 6. Offices in Principal Cities. 
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LUBE OIL BLENDER! 
Achieves Greater Accuracies and New Economies in 
Material Handling 


This new %Proportioneers% system utilizes phase contro] between components 
to reduce a complex batch compounding operation to a completely automatic 
continuous blending process. %Proportioneers% recirculation method permits 
exact presetting and control of component and additive ratios and allows quick 
adjustment of the total rate to production requirements without affecting these 
ratios. The %Proportioneers% Continuous, Automatic Lube Oil Blender makes 
possible greater flexibility between small 
and large quantity production with 
increased operating efficiency and new 
economies in material handling. For com- 
plete information ask for Brochure SM138. 


arrangement for four 
base stocks and four 
additives. Since each 
additive and compo- 
nent control pane! is a 
complete unit in itself, 
additional panels can 
be readily incorporated fj 
in the assembly at any 
future time. 


All equipment 
shown red in flow- 
gram furnished by 
Proportioneers. 


Inc. % 


Write to % Proportioneers, Inc.%, 419 Harris Ave., Providence 1, R. I. 
Technical service representatives in principal cities of the United States, Canada, Mexico and other foreign countries. 
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and built by J. F. 


Pritchard & Co. this plont is 
used for removal of 1,5 and 
CO, from liquids end gases. 


Pritchard Built Plants 


Are Profit Producers 


In terms of sound design, engineering and construction— 
in terms of higher profits and freedom from trouble 
—Pritchard built plants are becoming known throughout 
the industry for their operational efficiency and quality 
of production. 

Pritchard services include Analysis of your requirements, 
Economic Studies, Design, Processing, Engineering, Pur- 
chasing, Field Construction, Guarantees and Operating Tests. 
Firm prices quoted on a “Turnkey” basis. 

We invite you to make use of Pritchard's diversified 
experience in the chemical construction field to build profit- 
producing plants for you. 


For Full Information on Pritchard's Services, 
Write for FREE Bulletins! 


ENGINEERING DESIGN + ENGINEERING - CONSTRUCTION 


and CONSTRUCTION Dept. No. 31 908 Grand Ave., Kansas City 6, Mo. 
for 
INDUSTRY District Offices: 


Chicago * Houston * New York « Pittsburgh « Tulsa « St. Lovis 
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LATENT HEAT AT WORK 


Cleaver-Brooks Compression Stills ot Arrowhead & Puritas Waters, Inc., Los Angeles, Calif. This plont is one 
of the largest compression still instollations in the U.S., producing over 100,000 golions of pure water doily. 


Cleaver-Brooks Compression Stills offer 
Exceptional Economy in 3 Basic Applications: 


WATER PURIFICATION in quantity and quality. Potable water can 
be obtained from brackish or sea water — no need for pipe lines, trucking or barging from 
distant sources of fresh water. Where potable water is available a Cleaver-Brooks Com- 
pression Still produces a USP chemically pure, pyrogen free water, meeting the rigid stand- 
ards demanded for intravenous solutions or chemical processing. 


CONCENTRATION FOR RECOVERY 
Compression Stills recover valuable solids from fluid wastes from tanning liquors, brine, 
amino acids, penicillin slurry, black liquor from pulp-paper mills, other solutions and sub- 
stances. 


CONCENTRATION FOR DISPOSAL <<» of voluminous or 
injurious wastes. Cleaver-Brooks Compression Stills provide an economical means of con- 


centration — meet the problem of handling wastes not disposable through local sewer sys- 
tems or where stream pollution or expensive hauling, piping or barging are prohibitive. 


to 2100 G.P.H., electric or Diesel drive. Larger sizes to fit specific applications can 
be constructed for field erection. Write for bulletin “Compression Distillation”, 


Cleaver-Brooks Compression Stills are available in standard size units from 75 G.P.H. i) 
Cieaver - Brooks Company, 393 E. Keefe Avenue, Milwaukee 12, Wisconsin 


3 The merit of compression distillation lies in 
the efficiency with which latent heat is con- 
stantly being reclaimed and utilized — re- 
cycling the evaporator. 


Cleaver-Brooks 


Builders of equipment for the generation 
of beat. 
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SERVICE 


INSTALLATION 
SERVICE 


You get all three when you buy a 


SPARKLER FILTER 


Service starts with engineering the filter to your 
requirements and continues until the installation 
is made and operating to your and our complete 
satisfaction. 

No extra charge is made for Sparkler’s complete 
personal service. A factory trained engineer is 
available for consultation in your plant on the 
filtering problem involved. All factors of your 
production process concerned in the filtration 
problem are studied by our engineers and if re- 
quired special application of known successful 
filtering methods are made to fit your job. Our 
filtration specialists may already have the answer 


to your filtering problem by having solved similar 
problems for others. 

Sparkler horizontal plate filters are available in 
stainless steel, mild steel, rubber lined, steam or 
brine jacketed, monel, nickel, bronze and Hastelloy. 
They can be built to handle practically any liquid 
from thin volatile fluids to heavy bodied materials. 
Capacities ranging up to 10,000 G.P.H. 

Sparkler personal service starts with your in- 
quiry. Try us on your next filtration problem. 
Address correspondence to Mr. E. S. Anderson, 


SPARKLER MANUFACTURING CO. 
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Conamico impnove with... 
ALCOA ALUMINA 


Successful ceramic manufacturers use ALCOA Alumina 
to improve the quality of their products. They know 
that by adding this uniformly pure, highly inert aluminum 
oxide to their mixes, they make their products better . . . 
stronger ... more resistant to heat and mechanical shock. 

These leading companies know, too, that ALCOA 


Alumina makes glass sparkle brighter . . . gives glazes 
more impact resistance ... makes abrasives cut faster 
. increases the electrical resistance of porcelain 
insulators... And refractory manufacturers kno 
that even a littke ALCOA Alumina makes a whale of 
difference in the high-temperature performance of 
brick and other refractory products. 


These are just a few of the ways ALCOA Alumina 
helps make good products better. It can do the same 
for you! We'll gladly furnish you with complete 
information. Write to ALuminum CoMPANY OF 
America, Cuemicats Division, Gulf Build- 


ing, Pittsburgh 19, Pennsylvania. 


ACTIVATED ALUMINAS - CALCINED ALUMIMAS + WYDRATED 
ALUMINAS - TABULAR ALUMINAS + LOW SODA ALUMIFIAS 
ALUMINUM FLUORIDE - SODIUM FLUORIDE - SODIUM 
ACID FLUORIDE + FLUOBORIC ACID + GRYOLITE - GALLIUM 
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Piping equipment for every need 
from a single source... CRANE 


TWOFOLD VALVE VALUE 
FOR PROCESS INDUSTRIES 


In materials and in design, Crane Alloy Steel Gates offer maximum 
resistance to corrosion and product contamination. All parts in con- 
tact with flow—body, bonnet, disc, stem, and gland—are either all 
Crane 18-8 Mo Alloy Steel or Crane Monel Metal, produced in Crane 
foundries under rigid supervision. And because these valves are 
Crane-engineered, they assure most efhcient flow control with mini- 
mum maintenance. 


Stem threads—outside valve body—are not exposed to corrosive 
effects of line fluids; are easy to lubricate. Stuffing box is extra roomy, 
holds from 6 to 9 packing rings. Two-piece bolted gland equalizes 
pressure on packing; maintains tight seai without binding on stem. 
Long, accurately fitted disc guides assure true seating. Male and 
female bonnet joint prevents gasket blowout. See your Crane Cata- 
log, or send for Circular No. 420. 


CRANE CO., 836 S. Michigan Ave., Chicago 5, Ill. So. 16843, 16-6 Me Alley 


Branches and Wholesalers Serving All Industrial Areas (No. 
150 pounds, id H 
ONE ORDER TO CRANE COVERS ALL EQUIPMENT FOR Sines 


S CHEMICAL PROCESS PIPING INSTALLATION, FOR EXAMPLE 7” '°*!"- 
REGULATOR 
GASKETS 


SCREWED 
FITTINGS 


y 


FLANGED 
WELDING FITTINGS 


FITTINGS 


EVERYTHING FOR EVERY PIPING SYSTEM 


RANE 


VALVES « FITTINGS + PIPE + PLUMBING AND HEATING 
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n thousands of successful applications of low pres- 
sure processing, Kinney Vacuum Pumps are setting the 
pace for speed and economy. Fast pump down means 
fast processing time—and that’s why Kinney Pumps are 
so often picked for the job. In one case they are creat- 
ing the low absolute pressure required in a gigantic 
synchro-cyclotron .. . in another, they are helping to 
turn out a steady stream of peanut-sized electronic 
tubes. Whether it’s “one of a kind” or “mass produc- 
tion”, Kinney Pumps have the stamina and rugged 
dependability to meet the toughest service conditions 
in every field . . . pharmaceutical or food, metallurgical 
or optical, electrical or electronic. 

Single Stage Models are available in eight sizes: 
capacities from 13 to 702 cu. ft. per min. — for pres- 
sures to 10 microns Hg. abs. Compound Kinney Vac- 


uum Pumps are furnished in three sizes — capacities 

5, 15, and 46 cu. ft. per min. — for test pressures to 0.5 

micron Hg. abs. Send for Bulletin V45 — the complete 

story on Kinney Vacuum Pumps, Oil Separators, and 
Accessories. 


K Manufacturing 

ington St., Boston 30, Mass. Representatives in New 
York, Chicago, Cleveland, Houston, New Orleans, 
Philadelphia, Los Angeles, San Francisco, Seattle. 


Foreign Representatives: General Engineering Co. 
(Radcliffe) Ltd., Station Works, Bury Road, Radcliffe, 
Lancashire, England . . . Horrocks, Roxburgh Pty., Lid., 
Melbourne, C. |. Australia . .. W. S. Thomas & Taylor 
Pty., Ltd., Johannesburg, Union of South Africa . . . 
Novelectric, Ltd., Zurich, Switzerland. 


| | 
| 
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KINNEY Vacuum Pumps 
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One reason is... 


they need no standardizing! 


Your instrument men know that product quality 
suffers when measurement drifts between manual 
standardizing adjustments. They know, too, that 
even automciic standardizing allows accuracy to 
be lost when batteries discharge without being 
noticed. And if the process is on automatic con- 
trol, standardizing of either kind “bumps” the proc- 
ess periodically. 

You can eliminate these inaccuracies and incon- 
veniences by putting Foxboro Dynalog Electronic 
Instruments on the job. They require no standard- 
izing. use no batteries. They have only six moving 


parts, none moving faster than the pen. Mechan- 
ical complications are eliminated, maintenance 
reduced to the vanishing point. 

No standardizing is only one of many important 
advantages of Dynalog Instruments. Their unique 
design brings laboratory-standard performance to 
the measurement and control of temperature ( with 
resistance bulbs or thermocouples), humidity, 
pressure, flow, force, pH, conductivity, etc. Their 
speed .. . full scale to new balance in as little as 
one second. Sensitivity . . . one ten-thousandth of 
scale. Accuracy ... % of 1% of scale. 


*Reg. U.S. Pat. Off. 


Heres the heart of Dynalog superiority 


It's the simple variable capacitor that does it. Taking the 
place of the conventional slidewire, it gives Dynalog Instru- 
ments absolutely STEPLESS continuous balancing. It gives 
you an instrument of laboratory accuracy with a ruggedness 
that defies the most extreme industrial conditions. Get the 
complete story in Bulletin 427-1. Write The Foxboro Company, 
248 Neponset Ave., Foxboro, Mass., U.S. A. 


FOXBORO DYNALOG. 


Reg. US. Pat, Off: 


The electronic potentiometer that has NO SLIDEWIRE 
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ef rmour’s prodacts 


tatty acids, amides, nitriles, and amines. 
| 


t 
Fatty Acid and Nitrile Plant 
> 
J 
reflect the most advanced techniques of separating valuable chemi 
Opetherm Vaperiters. Much of this wort wet if 
by Fewer Wheeler for Armour & Compony.. 
: 
A 
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TOOL ABOUT TO BE INSERTED IN “KARBATE” PIPE. 


threader for 


BRAND 


.. to National Carbon today and ask us for 
complete information on the new hand- 


threading tool for use with “Karbate” impervious 
graphite pipe. The new tool eliminates the need 
for an expensive lathe and is easy to carry to any 
job site. It cuts “Karbate” impervious graphite like 
wood ... delivers clean, sharp threads . . . is 
inexpensive to buy. If you like, we'll have a salesman 
call and demonstrate the tool to you in person, =~ 
without cost or obligation. 

TOOL REMOVED. NOTE CLEAN, SHARP THREADS. 


MORE THAN DOUBLE The terms “Karbate” and “Eveready” 
i are registered trade-marks of 
THE USABLE LIGHT!... NATIONAL CARBON DIVISION 
si UNION CARBIDE AND CARBON CORPORATION 

The biggest news since the invention of flash- ~— 30 Bast 42nd Street, New York 17, N. Y. 
fights—cthe brand new “Eveready” No. 1050 esueneinte@iane 

flashlight bactery — gives more than double Atlanta, Chicago, Dallas, Kenees City, 
the usable brilliant white light for critical New York, Pittsburgh, San Francisco 
uses than any other flashlight battery we have Foreign Department: New York. U.S. A. 


ever 
These products sold in Canada by 


NO METAL CAN TO LEAK OR CORRODE! National Carbon Limited, Toronte ¢ 
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ATOMIC ENERGY RESEARCH AND DEVELOPMENT 


tert encanto reports of the Atomic Energy Com- 
mission contain information which is of consider- 
able interest to chemical engineers. In addition to 
usual information on production and program, general 
advances in, and plans for, research and development 
are outlined. Data on all fields of nuclear physics, chem- 
istry and engineering are presented. The most recent 
report, the Seventh Semiannual Report, presents a 
review of research programs, and, so far as they can 
be publicly stated, the results attained in the physical 
sciences and engineering development. 


Our great structure of nuclear technology has been 
built on an extraordinarily slim foundation of basic 
knowledge about the atomic nucleus. Pure and applied 
research in the physical sciences is indispensable to the 
fulfillment of national atomic energy development and 
to the maintenance of the United States’ position in this 
field. The field of basic research is almost unlimited in 
scope, and in applied research or development alone, 
numerous problems must be investigated. 


What then is the magnitude of the effort in this coun- 
try? What is the manpower involved? What is the 
place of chemical engineering in the picture? 


For both applied and basic research the Atomic En- 
ergy Commission maintains eight major installations 
completely owned by the government, and four major 
university-owned installations. These constitute only a 
part of the effort in these fields. Another one third of 
the research effort cost-wise, one half in manpower, is 
carried on by scholars on the staffs and in the labora- 
tories of many universities, research institutions, indus- 
trial organizations, and other government agencies. 
The Commission wholly supports 90 such projects at 
55 institutions. A similar program for basic research is 
maintained by the Office of Naval Research and the 
Commission has joined with this office in supporting 
some 63 projects at 39 institutions. 


The magnitude of this atomic energy undertaking 
is reflected in the estimated costs for 1950. About 8 
million dollars is estimated for the ae expenses 
associated with off-site contracts for physical science re- 
search. This is to be compared with about 23 million 
dollars for the 12 major atomic energy installations. 
In addition to this 31 million dollars, 25 million dollars 
is being spent during this fiscal year on new construc- 
tion and equipment. These figures do not include those 
associated with the reactor development program, in- 
volving 33 million dollars in operating expenses, 12 mil- 
lion of which is in off-site projects. Not included also 
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are the expenditures for research in the biological and 
medical sciences amounting to 17 million dollars in 
1950, 7 million dollars of which is for off-site projects. 
These costs for operative expenses and new construction 
for research and development amount to 106 million 
dollars. Costs for the production of fissionable ma- 
terials and military utilization run to larger figures and 
constitute the major portion of the annual appropria- 
tion for atomic energy. 


Of more interest are the manpower figures listed in 
the Seventh Semiannual Approximately 10,000 
scientific and technical people work for the Commission. 
Of these 2,500 are on off-site projects, about equally 
divided among physical sciences, reactor development, 
and biological and medical sciences; 500 are on the 
Commission's staff in Washington and in the several 
field offices; and 2,900 are fully employed on research 
and development at Commission-owned sites. Another 
4,000 work on the development of new weapons and 
on research and development directly associated with 
the production of fissionable material. 


The contribution of chemistry and chemical engi- 
neering to the atomic energy program is a considerable 
one. From personal observation, one would estimate 
that fully one third of the scientific people are chemists 
or chemical engineers. Space does not permit a descrip- 
tion of the extremely interesting and varied types of 
problems these men are tackling. Suffice it to say, that 
the frontiers of both basic and applied science are being 
expanded rapidly. In many cases process and engineer- 


ing design is applying data on the ragged edge of sci- © 


entific knowledge. New techniques are being developed 
in all fields. Many of them have already been released 
and have been of value to the chemical industry. 


Engineering design and construction of new plants 
are generally subcontracted to industrial firms. By this 
means and through the off-site projects, as well as private 
research not covered by the Commission, scientific 
people are being attracted to full-time employment in 
one of the fields of atomic energy development. In addi- 
tion, special programs for training have Sosn established 
at the various sites. 


Technically the national atomic enterprise makes 
progress only as men of talent and training are attracted 
and the special equipment is placed at their command. 
For a continued growth a steady flow of engineers and 
scientists into fields associated with atomic energy must 
be maintained. 

John R. Huffman 
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20, 30, even 40 years, is not an unreasonable life expectancy for a “U.S.” 
triple-constraction floor. This rugged floor is realiy built to take it. Will 
handle both acids and alkalies, or acids and alkalies alternately. Strong 
and weak acids, strong and weak alkalies, oils, solvents, cold water or 
live steam, leave it unruffled. Triple-construction is triple-protection. 
(1) “U.S.” Resilon membrane forms an impervious barrier between 
brick and sub-base; (2) dense, tough-bodied “U.S.” Acid Brick is 
corrosion-proof all the way through; (3) thin joints of non-porous 
“U.S.” Durisite cement bond brick securely, prevent seepage. 


Fer a floor you can install, end forget — specify U. S$. Stoneware 


in 

f 

triple-construction, 
| 

STONEWARE 


TRAINING ENGINEERS IN INDUSTRY 


An industrial problem of some magnitude to management is aired here . . . concrete examples of the 

how, why, when, and where of other companies enthusiastic in their conception of training of engineers, 

are listed . . . for those who do not have a training program, here is a good beginning, for those 
who are already using the method, it is a valuable comparison . . . 


INDUSTRIAL TRAINING PROGRAM— 
A PRACTICAL INVESTMENT 


K. B. McEACHRON, JR. 


Manager, Technical Educational Division, General Electric Company, 
Schenectady, New York 


LMOST every industrial concern 
has studied the problem of training 
its personnel, and has developed a pro- 
gram to meet its particular problem. The 
extent of industrial training, generally, 
is suggested by the many companies hav- 
ing full- or part-time training directors. 
Most attention has been given, in the 
past, however, to training programs for 
noncollege graduates. Such courses as 
those for the various trades and the up- 
grading of employees are common. 
There apparently has been a strong 
feeling that the more advanced a per- 
son’s education the less need there is 
for an industrial training program to 
develop his full potentialities. In fact, 
many companies, in recruiting college 
graduates, have insisted that their train- 
ing in college be such as to make them 
immediately valuable in a_ particular 
narrow field. Through alumni and other 
contacts such concerns often attempt to 
dictate what courses the colleges should 
give. The normal 
engineering curricula under such pres- 
sures is indicated by the hundreds of 
different curricula now offered by 
American colleges. Even more serious 
is the overcrowding of engineering cur- 
ricula whenever courses are designed to 
impart specialized knowledge rather than 
to develop an ability to think. 


fragmentation of 


Collegiate education, however, can be 
expected to provide a fundamental back- 
ground only, and teach young people to 
learn from experience. Graduation from 
college is truly a commencement—the 
beginning of the period of learning from 
experience. The company which fully 
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appreciates the potential of its technical 
personnel will be quick to recognize the 
value of a training program to develop 
this potential. College experience has, in 
most cases, been a relatively artificial 
period involving little contact with prac- 
tical engineering or business problems. 

Many training programs for technical 
personnel which now exist in industry 
began largely as a matter of expediency. 
In General Electric, for example, there 
were no engineers available in the early 
days to design, test, install, or even 
operate, the equipment which the com- 
pany manufactured. College programs 
were devoted largely to civil and me- 
chanical engineering. The company had 
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to develop an effective on-the-job train- 
ing program to supplement the education 
of new employees. Most of this early 
training was obtained by actually testing 
and experimenting with the finished 
products. Some companies even estab- 
lished their own undergraduate educa- 
tional programs during this time. For a 
brief period in the late 1920's we also 
experimented with undergraduate edu- 
cation. However, the advantages in 
selecting college graduates from hun- 
dreds of different educational institu- 
tions soon led us to abandon any plan 
to compete with the colleges in under- 
graduate programs. 

Essential to the development of an 
adequate training program, particularly 
for engineering personnel, is the active 
and personal support of management. 
Education and training in industry can- 
not exist apart from the ultimate re- 
quirements of production. However, if 
the training program is left entirely to 
operating units it is often compromised 
for short-term gains without proper 
consideration of long-range objectives. 
If the maximum benefit is to be derived 
from training activities, they must be 
“built-in” to the thinking of engineering 
supervision at every level and not simply 
given token approval. To create this 
desirable condition, supervision must 
participate in the planning of the train- 
ing program and must be kept continu- 
ously and actively informed of its pro- 
gress and its problems. 

Many training activities have suffered 
from overenthusiasm on the part of 
those directly responsible for them, Par- 
ticularly where there is skepticism con- 
cerning the value of such activities, the 
initial step should be extremely modest 
and the men assigned to the training 
program unusually well selected. li the 
need for men somewhat exceeds the 
number in training the whole plan will 
be more likely to succeed than if the 
supply is always equal to the demand or 
perhaps a little above it. The attitude 
of men participating in a training pro- 
gram is also much better when sufficient 
permanent openings exist for those sat- 
isfactorily completing training. 
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a 


important 
training period the engineering graduate 
should gain that training and experience 
which it has not been possible for him 
to obtain in college, and to do so in such 


Emphases. During the 


a way that at its completion he assumes 
the full responsibilities of a professional 
engineer. The type of experience pro- 
vided at this point will probably do more 
to shape the attitudes of the engineer 
than any other experience he will ever 
have 
college has been on the study of engi- 
neering 


Where the primary emphasis in 
fundamentals, the emphasis m 
industry must be on the application of 
these fundamentals to actual engineering 
problems The 
traming program 
broad industrial 
perien is 
of short assignments in different sections 
and Where the com 
pany'’s business includes several lines or 
«lucts, diversity of experience is de- 
able 

Each training assignment should pro- 
le ample opportunity for actual work 
perience 


heart of an effective 
must, therefore, be 
experience. Such ex 
best gained through a series 


types of work 


Not only will this emphasis 
help to sell the 
itself to operating 
its, but it is also a sound educational 
licy. To stress the point that men in 
hining are to be regarded as contribut- 


learning by doing 


program 


members of the sections to which 
y are assigned, we have found it de 
uble to charge the sections the full 


lary of men on assignment. This prac 

¢ also helps to encourage the assignees 
put maximum effort into the job at 
nd. So integral a part of the operat 
g units of the company have our train- 
« programs become that we are con- 
wously being approached by such units 
r men even on these temporary assign- 
t 


as well as for men on a permanent 
sis at the end of the training period 


dustrial Experience—and More 


Although job experience is essential 
to eflective experience 
alone will seldom be sufficient to develop 


training, such 
the engineering graduate to his full po- 
tential. In the 
spends in 


few years which a man 


college he hope to 


obtain all the 


cannot 
technical knowledge he 
must have to discharge his engineering 


responsibilities successfully, Further 


more, if the engineering college has 
properly concentrated upon the funda 


mental principles of engineering, he will 


need a considerable amount of technical 
m spect ali real tre lds ot parti u 
MANY Most indus 


that the 


lar interest to his cor 


tries will also recognize course 


method of instruction, which is used in 


most engineering colleges, tends to pro 


duce problem solvers rather than project 


solvers. In other words, the separation 


of technical education into discrete 


ters to 


courses 


prepare college grad 


uates to solve specialized problems in 
those individual areas but not compre- 
hensive problems involving many areas 
There is need for a type of classroom 
instruction which will integrate the 
course material given in college and di- 
rect the application of engineering tun- 
damentals to current technical problems. 
W here such instruction 
should make provision for extending the 
technical knowledge of engineering 
graduates beyond that received in col- 
But the principal objective should 
be one of refinement and of integration. 

The method of organizing and super- 
vising 


necessary, 


lege 


training activities differs consid- 
from company to another 
even though the training programs are 
quite similar. Considerable thought 
should be given to this phase, however, 
as it may provide an opportunity for 
further training of a somewhat different 
Although the principal pur- 
pose of training engineering graduates 


erably one 


character 


should be to improve them as engineers, 
we have found in the General Electric 
Co. that by using young men to super 
vise portions of the training program, 
we have developed leadership as a by- 
product of training. Young men who 
have been with us only a few years are 
given almost complete responsibility for 
the organization of educational activi 
Although such young men do not 
have the background that certain phases 
of the work require, they are encouraged 
to call upon others in the company for 
No one, how 
The 
bring to such 
work is high, since they have only a 
year or two in which to contribute their 
best ideas to the administration of the 
training Supervision thus be- 
comes a creative opportunity f 


ties 


assistance and guidance 
ever, will make decisions for them. 


enthusiasm which they 


Classes 
for each 
man to revise and improve the traming 


which he received the vear before 


For Example. When our chemical de- 
partment was formed to extend the com- 
pany’s interest the recruiting and train- 
ing of adequate personnel were given 
attention, The training programs 
of other companies were reviewed and 
As a result, a 
chemical training program was organ 


early 
compared with our own 


ized along the same general principles, 


previously described: varied work as- 
signments with a strong emphasis on 
learning by doing,” an intensive class 
room program to make more usetul to 
the education, 


und an opportunity to develop le idership 


industry usual technical 
n young men through supervision of 
traming activities 

Although some form of trammg pro 
gram was necessary to the future of the 
chemical department, other units were 
regularly employing chemical pert sonnel 
such as the development laboratories im 
insulation coat 


terested in protective 
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ings, and other problems of materials. A 
traiming program serving the company 
as a whole was therefore considered to 
be practical, and potentially more effec- 
tive than one fer a single department. 
An informal committee, representing the 
units concerned, was selected to aid in 
establishing a definite training plan. 
From the beginning, therefore, operat- 
ing personnel were directly involved in 
the plan's organization and the selection 
of the first supervisor. Policy questions 
such as the length of the training pro- 
gram, individual training assignments, 
etc., were determined by the committee 
with a minimum of objection from oper- 
ating groups. Committee members have 
always helped support the training plan 
in their own units. 

The present program consists of from 
three to five three-month assignments 
for each man in training. Although 
some consideration is given to individual 
preferences, the primary objective ts 
breadth of work experience. At the con- 
clusion of each assignment, each man 1s 
carefully rated on his performance and 
his capacity for future growth. These 
ratings are periodically discussed with 
each trainee as an aid to his improve- 
After his second or third assign- 
ment, placement possibilities are dis- 
cussed with him by the program super- 
visor are then arranged 
with those interested units which seem 
most suitable for the particular trainee. 
The variety of available placements is 


ment 


Interviews 


so great that seldom is it impossible to 
Each fall, about 20 
men are selected on the basis of interest 
and ability for an intensive course im 
process technology. The course is ap- 
proximately nine months in length and 
consists of one four-hour 


match man and job 


each 
A single, comprehensive, tech- 
nical problem, assigned each week, is the 


class 


week 


principal factor in developing the ability 
of these men to apply their technical 
knowledge effectively. The class hours 
and problem 
discussions to supplement the working 
From the first- 
year class in thermodynamics and basic 
physical chemistry about half the men 


include lectures, quizzes, 


of the weekly problem 


a second vear in more 
This 


class has concentrated usually on some 


are selected for 
specialized and advanced theory 


advanced phases of chemical engineer- 
ing. Men completing this two-year tech- 
nical program have a unique combina- 
tion of theoretical education and prac- 
ticaltraimimng 

Although the first supervisor of the 
program trom 
subse 


was, necessarily, drawn 
the activities, 

supervisors of the first- and 
and of the whole 
program of training and education have 
from the train- 


we have 


outside training 
quent 
second-year courses 
been drawn exclusively 


ing grouy 


In this experience 
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realized again how great are the en- 
thusiasm and eagerness of men so se- 
lected to do an outstanding job and how 
effective such an attitude is in the train- 
ing process itself. By carefully selecting 
from the best qualified the one or two 
supervisors required each year, we can 
have in such positions for a year or so 
men whose potential in the organization 
is far greater than is that of the average 
training director. The quality of our 
training programs is due in large meas- 
ure, we believe, to this practice. 


Dividends from Industrial Training. 
Advantages of an adequate training pro- 
gram for engineering personnel can be 
fully appreciated only after actual ex- 
perience with such a program. They will 
also vary, depending upon the type of 
industry and the particular company in- 
volved. Where the program has the 
active and continuous support of man- 
agement and largely achieves its ob- 
jective of the orientation and integra- 
tion of young men into industry, certain 
definite results can reasonably be ex- 
pected, however. 

Training assignments in various oper- 
ating units broaden the experience of 
young men and give them a more accu- 
rate picture of the company’s operations. 
In large companies, new technical em- 
ployees will be only vaguely familiar 
with the products or services which the 
company sells. During training an op- 


portunity exists to learn more about 
these, including the standards which 
must be met before marketing. While 


m training, engineering graduates also 
become more familiar with the perma- 
nent positions available and will make 
a more intelligent selection of the one 


which best suits their interests and 
abilities. Even after transfer to a per- 
manent position, the breadth of the 


training experience will prove valuable 
in working with other units of the or- 
ganization. The personal contacts de- 
veloped among associates during the 
training period is of no small assistance. 
One supervisor has somewhat humor- 
ously remarked, “Not only do they know 
who to call on for help in solving a 
particular problem, but they also know 
how much to believe of what they are 
told!” 

Divisions of the company, through 
direct contact with men in training, have 
an opportumity to evaluate their per- 
formance in advance of selection for 
permanent positions. Men on an assign- 
ment of three or four months in a divi- 
sion have a much better chance of 
demonstrating their true abilities than 
in an interview or series of interviews 
of a few hours or days. It is important 
to note here that men recruited for a 
training program should be as carefully 
selected as for direct employment in a 
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permanent position, The training pro- 
gram should not be used as a marathon 
in which all but the top 10 or 20 per 
cent are weeded out and released. Every 
man should be employed with the ex- 
pectation that he will be a permanent 
member of ,the engineering staff. If a 
healthy attitude toward the training 
program is to be developed and main- 
tained the only releases that should 
occur are those where errors were made 
in the original recruiting process. 

Classroom instruction, associated with 
training activity, develops technical ver- 
satility and makes engineering education 
more effective. The men who have com- 
pleted our advanced technical programs, 
for example, form the nucleus for solu- 
tion of our most difficult technical 
problems. Thus during the war we had 
a group of well-trained men who had 
not been educated narrowly in a single 
specialty, but who were in the habit of 
tackling new projects. These men were 
transferred directly from refrigeration, 
air conditioning, and other peacetime 
jobs to greatly expanded divisions such 
as radio, superchargers, and armament 
control. Likewise, in normal business 
operations, the most valuable techriical 
employees are those whose academic 
tools are so sharp that they can be 
shifted from one tough, technical pro- 
blem to another with little regard to 
their individual background. 

Placing supervision or training activi- 
ties, particularly orientation programs, 
in the hands of relatively young men 
provides a more sympathetic and under- 
standing approach to the problems and 
attitudes of the new men in training. 
Such supervisors work out the problems 
of the job with their men, guiding and 
leading, rather than directing or order- 
ing. All are learning more about the 
job together. An unusual spirit of team- 
work is thus developed between super- 
visor and men—a spirit which extends 
even beyond working hours and into 
social and athletic activities. Many 


young men who have had this type of 
supervising responsibility for a year or 
two after completing their own training 
experience can later be given positions 
of leadership in the operating units. 
These men will bring to such positions 
an unusual combination of technical and 
administrative experience. 

There is more and more interest in 
industrial training programs among to- 
day's engineering graduates. Many of 
them recognize their lack of industrial 
experience and their consequent inability 
to make an intelligent decision about any 
particular, specialized job. They wel- 
come the opportunity to become better 
informed through an industrial training 
program before selecting a permanent 
job in sales, engineering, manufacturing, 
or any of the other functions of business. 
This attitude, on the part of the tech- 
nical graduates, is, of itself, a powerful 
argument for considering seriously the 
development of an adequate training 
program. 

Building for the Future. An indus 
trial training program for technical 
graduates is truly an investment—and 
like a financial investment, will “pay off” 
only over the years ahead. A company 
which is concerned only with immediate 
gains and which attempts to organize 
training activities on such a 
generally heading for trouble. Technical 
personnel and their adequate integration 
into American industry is a more ex- 
acting task and a potentially more pro 
fitable one than controlling inventory or 
purchasing machinery and material. In 
establishing a new line or going into a 
new business, as much or more attention 
should be given to developing adequate 
technical personnel through proper 
training activities than to any other fac- 
tor. The success of the enterprise may 
well be determined by the extent to 
which, formally or informally, training 
is encouraged and its function in such 
success recognized. 


basis is 


TRAINING PROGRAM FOR CHEMICAL 
ENGINEERS IN PETROLEUM INDUSTRY 


A. J. JOHNSON 


Vice-President in Charge of Engineering, 
Shell Development Company, San Francisco, California 


HIS discussion is intended to out- 
line a training program for chemical 
engineers in the petroleum industry. 
This program also applies, to a large 
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extent, to training men for the associated 
petrochemical industry. It seems to me 
more important to dwell on the objec- 
tives of the program and the require- 
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ments for a well-trained chemical eng- 
neer than to give a detailed description 
of how this traimimg program is con- 
ducted, The program itself will vary 
somewhat with the individual and with 
the availability of experienced men and 
specialists to assist the trainee in round- 
ing out his knowledge to meet what. we 
feel, are the basic requirements to be- 
come a good! chemical engimeer 


Type of Chemical Engineering 
Involved 


To make clear what our program at- 
tempts to accomplish, certain character 
istics of chemyal engineering in the 
petroleum industry will be detailed. Al 
though at some time during his career 
a man will be faced with all phases of 
chemical engineering and will be called 
pon to handle problems much outside 
his the following 
unts seem to characterize the industry 
ml the chemical 
it. First 
haracterized by 


chosen profession 


engineering involved 
petroleum processing is 
large-scale continuous 
juipment; second: some 60-70 per cent 
f the invested capital in refineries is in 
paration processes, predominantly dis 
Hiation and extraction, with a large part 
f the remainder 


it 


in reaction processes ; 


progressive madustry with 


high rate of obsolescence of equipment 
ml processes, since New processes are 
and fourth 


ve ever-expanding, and highly competi 


ing continually imstalled 


ve market situation requires continued 
fort to obtaim maximum throughput 


rom every unit 


lrocessing units are large and con 


nuous, the industry is highly competi 


ive, and the investment is high. In 


ich an industry, chemical engineering 


bust be accurate, must look for marginal 
vings, and the units must be designed 


mimmum of downtime. A maxi 


um oof precise) oimstrumentation is 

ually justified to improve yields and 
quality by better control, and hence a 
thorough knowledge of each process is 


required of both the designer and the 
Operator 


Minimum Knowledge Required of 
Chemical Engineers 


The minimum knowledge required of 
a chemical engineer may be divided into 


two classes: the tundamentals (bevond 


the first two vears of college courses 


common to all technical graduates), and 
the techniques. Regarding the former, 
1 new engineer should have a_ fair 


know le «lye ot 
molecules 


the nature of atoms and 


and the electronic theory of 


chemical bonds; he should understand 
the nature of gas and liquid states and 
the physical chemistry of phase boun 


dary ; he should have a thorough ground 


ing in stoichiometry; he should know 
well the thermodynamics of energy bal- 
and 
he need know only the ele- 
ments of analytical and organic chem- 
istry 


ances, phase equilibria, chemical! 


equilibria ; 


it is desirable that he have facility 
with differential equations ;"and finally, 
he should know the theory of momentum, 
mass and heat transfer 
rule all these as 
well as he should, and one part of our 
traimng program is to fill in the gaps 
s0 as to give him a well-rounded back- 
ground in fundamentals 


The graduate 


does not as a know 


It is not necessary to discuss the value 
of all these minimum requirements, but 
a few pomts should be emphasized. We 
all know that the solution to problems 
of unit design and operation can be no 
better than the data used. The 
physical chemistry laboratory in a re 
search organization, or the published 
results of other the 
source of such data. It is imperative, 
that the chemical engineer's 
background knowledge be sufficient to 
permit him to understand, interpret, cor 
relate and assess properly the value of 
such data 


basic 


investigations, are 


however 


Centralized basic data groups 
in a company do not eliminate the need, 
in a chemical engineer, for a thorough 
understanding of these basic data. Then, 
facility with differential equations 
has been mentioned. Mathematics is the 
language of science and it is important 
for the engineer to be able to write and 


( Probably in 
no other phase of his academic training 
am | more critical of his college teach- 
ing.) In most 


understand this language 


cases mathematics is 
given too much as a formalized course 
m which a student is taught to solve 
problems established by else 
The engineer usually has a good mathe- 


matical vocabulary, but does not know 


someone 
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as an analyti- 
cal chemist at 
the Norco(La.) 
refinery. after 
receiving his 
Master's de- 
agree from Tu- 
lane Univer- 
sity. Ris- 
ing through a 
succession of 
refinery tech- 
nical positions 
to that of assistant manager of the gas 
plants, in 1936 he became a senior tech- 
nologist in the development division 
(manufacturing department) in St. 
Louis, becoming i ger in 
1939. Transferred again to be assistant 
superintendent of the Houston refinery, 
he was then made chief engineer of the 
Shell Development Co. in San Francisco 
to build up the chemical engineering 
activities of that company. In 1944 Mr. 
Johnson was appointed vice-presid i 
charge of engineering. 
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how to speak the language and to think 
in it. I do not wish to leave the impres- 
sion that good chemical engineering re- 
quires each man to be an outstanding 
mathematician, but it is none the less an 
important fact that in the chemical 
engineering required for the petroleum 
industry, most worth-while accomplish- 
ments have been closely associated with 
good mathematical imterpretation 

You may wonder why only the ele- 
ments of organic chemistry are neces- 
ary in an industry dealing primarily 
It is simply 
because we believe it is the function of 


with organic compounds 


the re search organic chemist to provide 
the advanced thinking im this field, while 
the chemical engineer need only be able 
to understand his findings 

For the minimum knowledge of tech- 
niques, the should 
methods of countercurrent 
separation processes, methods of calcu- 
lating the dynamics of two 
(whether gas-liquid or gas-solid, in 
pipes or in vessels ), methods of handling 
problems involving mass transfer across 
a phase boundary, and methods of han- 
dling problems involving catalytic and 
He should have 
an elementary familiarity with process 
apparatus 
exchangers 


engineer know 


design of 


phases 


homogeneous reactions 


valves, columns, separators, 
filters, 


internal 


furnaces, pumps, 
combustion 
engines. Finally he should have a clear 
understanding of the 
capital risk 

As in the fundamentals, it 
should be evident why we consider these 


compressors and 


economics of 
case ot 


techniques as minimum requirements. 
In most cases we find the new addition 
to our staff fair 
techniques; im fact he usually 
learned more technique at the expense 
of some needed fundamentals, or know!l- 
edge in related fields of chemical engi 
neerimeg, than we immediately require 
Probably this is due to the fact that it 
is harder for us to teach the fundamen 


has a knowledge of 


has 


tals than the specific techniques required 
in our industry. We prefer that the man 
will, if anything 
the fundamentals in his academic train 
ing. 


have overemphasized 


In most cases, the graduate will have 
little knowledge of the economics of 
capital risk, and it is necessary to in 
doctrinate him, not only with general 
knowledge on this subject, but also with 
that peculiar to our industry 
cludes management's regarding 
capital amortization, overhead burdens, 
and the various factors contributing to 
operating cost. An acquaintance with 
methods of cost accounting is helpful 


This in- 
views 


rhese two, economics and cost account- 
ing, will give a fair conception of the 
direction in which profits are likely to 
be improved. After some experience he 
will understand the compromise between 
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idealized chemical engineering and busi- 
ness conditions, so that the right com- 
bination will provide the maximum profit 
under various business conditions of cost 
versus market value, and versus 
quality of products. Unlike the synthesis 
of individual chemicals, where the ulti- 
mate in quality is production of a chem- 
ically pure compound, the quality of 
petroleum products is always undergoing 
changes and improvements to meet new 
specihcations and requirements, and the 
ultimate goal in quality is never com- 
pletely clear nor attainable at reasonable 
cost. 


cost 


Nature of Work Required of 
Chemical Engineers 


The work of the chemical engineers 
in the petroleum industry (or for that 
matter m most industries), will fall into 
categories: the unprove- 
ment of yield, quality and throughput in 
existing plants; reduction in operating 
costs of existing plants; adaptation of 
existing equipment to new services; de 
velopment and design of new processes, 
and the of technical control 
over the operation of plants. In perform- 
ing this work they will exercise vary- 
ing degrees of administrative, executive 
and specialized knowledge depending 
upon the position which they hold, but 
im all the 
requirements will probably 
these five types. 


five general 


exercise 


Cases chemical engineering 
fall under 
Only when chemical 
technical knowl- 
edge has become background informa- 
tion used in another field will the type 
of work be much different. It is perhaps 
useful to point out in which parts of the 
industry there will be more of one type 
In the Shell com- 
pany, technical service groups known as 
Technological Departments are located 
in the refineries. Their primary work 
with daily operation, changes in 
operation, and modifications to existing 
units 


engineering or other 


and less of another. 


deals 


The development and design of 
new processes rest in the hands of those 
chemical engineers more closely asso 
ciated with the research and develop 
ment groups of our company. Men who 
what is often called a “flair for 
operation” and who are more interested 
in the day-to-day application of their 
professional knowledge in techniques 
vill gravitate towards such functions as 
Roos of the refinery technological staffs. 
On the other hand, those men who are 
best grounded in fundamentals, and who 
are more suited to the project type of 
work 


have 


are likely to be associated with 
development groups for the design of 
new processes. Specialists are likely to 
be associated with research and develop- 
ment groups. A specialist often will be 
used on a consulting basis for special 
problems in the operating field, but for 
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him to remain there very long would 
result in his lagging behind the progress 
made in his field, and his knowledge 
would become out of date. The specialist 
therefore must spend most of his time 
developing new ideas and techniques, 
and less on the application of his find- 
ings. 

Chemical engineering has a broaden- 
ing scope in our industry. The practice 
of our profession has long since de- 
parted from the mere application of the 
knowledge of unit operations. Because 
of the foundation knowledge in other 
sciences, and by the very nature of their 
work, the chemical engmeering groups 
have provided the coordination, the task 
force, which brings together for assess- 
ment and application, the data arising 
from all technical sources. No longer 
can the chemical engineer be satisfied 
with the development of a simplified 
flow sheet, with a heat and material 
balance, giving some indication of the 
selection of predesigned apparatus. His 
function begins with the research itself, 
where he the thinking of the 
pure research man by process evaluation 
and reevaluation. He must know more 
about equipment design than ever betore, 
since the installation of increasingly 
complicated processes does not permit 


assists 


mechanical designers alone to make the 
choice; he must be able to utilize the 
complicated measurement and control 
apparatus developed by instrument ex- 
perts and integrate them into the process 
properly since the apparatus designer is 
in no position to do so. He must know 
more about materials application, both 
the physical properties such as arise 
from metallurgy studies and the chem- 
ical properties such as arise from cor- 
rosion studies. In short, he must inte- 


grate all data arising from research 
chemistry, physical engineering, and 
economics and direct them towards the 
best finished process. Chemical engineer- 
ing has definitely become the coordinat- 
ing force behind all phases of the de- 
velopment of new processes, broadening 
its field particularly in the direction of 
physical engineering. 


Objective of Training 


The sole reason for training a man 
the 
which he arrives from the university is 


beyond academic learning with 
to make him a more valuable employee. 


A good training course increases a 
man’s value in three ways. It broadens 
his technical knowledge, it helps him to 
know himself, to find out what he can 
do best, and it gives his superior an 
early estimate of his potentialities, en- 
abling his progress to be directed by 
than trial and error. 
During the course of training, a man 
should have the opportunity of increas 
ing his knowledge of both techniques 


and fundamentals by performing assign- 


something more 


ments which are selected primarily on 
the of their instructional value. 
While he is learning these fundamentals 
and techniques, he should be given a 
sufficient variety of tasks by which he 
can take his own measure of his ability 


basis 


in order to find those fields of endeavor 
from which he will gain the most per- 
sonal satisfaction. While this program 
is under way his supervisor will obtain 
an estimate of his aptitude and the type 
of activity in which it appears he will 
Thus we can 
arrive at an early understanding with 
the man of his desire and ability in var 
ious directions. 


most likely be successful 


Neophyte 
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Fig. 1. Steps in Chemical Engineer's Progress. 
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Men Are Individuals 


The training program must recognize 
the fact that all men are individuals and 
cannot conform to a single pattern. By 
taking advantage of this fact, it is pos- 
sible to lead a man’s activities into the 
direction which will make him a com- 
plement to any individuals 
We do not 


find it advisable, nor do we expect our 


group ot 
working on large problems 


people to be experts in too many fields 
We do not that any one man 
shall be responsible for all phases of 
chemical engineering 
any one project 


expect 


requirements on 
Since our orgamza 
tions are built up along the team-effort 
type, we must consider whether an indi- 
vidual, because of his analytical nature, 
will become the quarterback 


propensity tor 


or by his 
large 
amounts of assigned problems will be 
ome the bloc king-back, or 
Muitive 


accomplishing 


whether his 
will 
We 
must find out in his training program 
hat kind of an individual he is. It is 
wot possible to expect that all members 
f such a team will be quarterbacks or 
locking-backs or linesmen, but there is 


aml interpretative 


Setises 


rmit him to diagram the plays. 


place tor each, all with proper recom 
nse and per sonal satisfaction, prov 
ach man is recognized as an individual 
mi so trained and placed in the 
here he knows that he fits best 


spot 


Our Training Program 


Now that I have set the objective of 
yur program it is a simple task to ex 
We use the 

for begin 
this 
lepernds in a large measure on the qual 


lain how it is carried out 


utorial system, particularly 


el ud the strength of system 
ty, aptitude and personality of the men 
staff. Each tutor is 
ually a specialist, thoroughly familiar 


vailable on the 


ith his held, who conducts the neophyte 


through a series of problems which 


iustrate the methods used. The trainee 
tutors 
month 
tutors’ 


works alongside a succession of 


spending trom two weeks to a 


with each tutor the 


courses, we have, of course, facilities by 


which the learn by actually 


We usually prefer 


men can 
doing in the ideal 
ized case, to begin a man’s activities by 
allowing him to become familiar with 
petroleum processing equipment and its 
operation. This ts done by placing him 


im expermmental or commercial plants 


where be actually uses equipment. sees 


how it is maintamed, recognizes its lim 


itations and advantages, and obtains a 
better understanding of design problems 
Engineers who have not had postgrad 
tate 
fitted 


those who have 


traming are more apt to be bene 


trom than 


Doctorate ce 


operating experrence 


received 


Perhaps the Ph.D. knows the 
held of endeavor in which he prefers to 


grees, 


direct his activities and may not need 
the extra period of development. 

In either case, the engineer should be 
given tutorial mstruction where he will 
have the opportunity to learn fundamen- 
tals that he did not 
university tramimng 


obtain from his 
Since a large per- 
centage of our refinery imvestment ts in 
separation processes, we try at 
time during the earlier part of a man’s 
career to give him a thorough training 


in distillation and extraction far beyond 


some 


that which he receives in a university 
We feel so strongly that a man cannot 
hecome a good chemical engineer in our 
imlustry without this background that as 
much as a year of training may be re- 
quired to bring him up to the general 
level of knowledge we need in distilla- 
tion and extraction. During the course 
of this early traiming he will spend con- 
siderable time learning to correlate and 
interpret basic data required for subse 
quent application. He will usually assist 
in preparing the technical data books to 
become familiar with the derivation of 
these data and cognizant of their useful- 
ness and limitations. Once he has 
enough background and self-assurance, 
he will be assigned an inc reasing num- 
ber of problems to do under the super 
until finally he will 
begin to undertake process design work 


vision of his tutor 


with a variety of associated assignments. 
Having reached this point the traince 
is Now in a position to move on to the 
held for best 
which he likes best. 

This must be recognized as the ideal- 
ized manner in which the early progres 


which he ts suited and 


sion begins. There are, of course, nu 


merous instances where chemical engi 


neers will, to some extent, reverse pro 


cedures by working for fairly long per 


jiods in technical service work in our 


refineries, and their assimilation of both 


additional fundamental information and 


techniques will come at a later date. It 
must be recognized also that in those 
fields where chemical engineering repre- 
sents only background knowledge, the 
comprehensive training outlined in this 
idealized case is not necessary. It is not 
necessary either for many positions open 
to those who prefer to confine their 
activities strictly to the operating field. 


Typical Progress of Chemical 
Engineers 

We endeavor to recognize each man 
as an individual, so it is not easy to 
generalize on how a chemical engineer 
progresses from a neophyte to operating 
technologist, specialist, executive, etc. 
However, Figure 1 is a typical example 
of the way in which an individual might 
progress in one of several 
The chart will exemplify the opportuni- 
ties and therefore the requirements for 
training chemical engineers to take over 
the various functions required of them 
in the petroleum industry 
p. 271.) 

Whatever the direction in which a 
man proceeds, every effort should be 


directions. 


(See chart, 


made to capitalize on his strong points 
and his compensation is therefore the 
highest that his ability permits. It does 
not follow that, man lacks 
administrative ability and is unsuited for 
supervising a group, he will be re- 
tarded if he has outstanding ability in 


because a 


another direction. This man will become 
ultimately a specialist and will receive 
both compensation and personal satis- 
faction equal to those who may be strong 
in the field of Again, 
the executive engineer is a different tvpe 


administration 


and one usually recognized at an early 
stage. He would be provided with op- 
portunities for promotion and for learn 
In short, our train- 


ing program is designed to aid, as much 


ng m our program 


as possible, each individual in finding his 
proper position at the earliest possible 
opportunity 


THE TRAINEE’S VIEW 


A. J. LANGE 


Central Engineering Department, 
J. E. Seagram & Sons, Louisville, Kentucky 


I DON'T think there is any direct 
connection between the final product 
iact that 
technical personnel in the distilling in 


and the the majority of the 


are men whose educational back 
chemical 


dustry 


ground Is engineering 
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Whether 
fortunate to be one of 
satile group. I am 
Working side by side in our in- 


there is or not I feel 
this 


with 


quite 

most ver 

a good com 

pany 

dustry are electrical, mechanical, and im 


dustrial engineers. There are physicists, 
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chemists, mathematicians, architects, and 
bacteriologists. Also around are lawyers 
and the majors of business, economics. 
history, and the social sciences—a melt- 
ing pot of knowledge which each shares 
with the company, 
pamion and himself. 
outset of his 


his working com- 
Strangely, at the 
industrial career, none 
will pursue his educational endeavors 
to become expert in his field. That is 
part of my company’s industrial phil- 
osophy and for a reason. The conven- 
tional educator produces, by indoctrina- 
thon, a standardized graduate, a stand- 
ardized reaction, fitting him for a tradi- 
tional groove. Little or no provision is 
made to provide that graduate with tools 
so that he may cope with actual indus- 
trial and human problems and solve 
them. 


With this problem in mind our com- 
pany, under the leadership of H. F. 
Willkie, formulated a 


program which 


cultivated within its technical personnel 
the capacity for independent action, in 
dividual initiative and a motivation to 
seek and solve problems. The first ap- 


proach is the development of the indi- 
vidual, not only in his technical capacity 
but also in all other This is 
accomplished through “educa 
tion” “planned 
The result expected (and 
usually obtained) is a well-rounded per 
son who, by his breadth of 
cultural, scientific, sociological and eco- 


aspects. 
further 
and something we call 
experience.” 


Treason ot 


nomic outlook, is able to function in any 
environment, and as a result is a poten- 
tial executive of the company, for all 
promotions come from within the com- 
pany 

By “education” we mean the process 
of mental development acquired through 
study of subjects or facilities made 
available by the company and cooperat- 
ing universities. By 


ence” 


‘planned experi- 
is Meant utilizing progressive in- 
dustrial function of 
employee development. Unlike 
tional studies which involve specific time 


activities as a 


educa 


intervals, planned experience finds new 
jobs or activities for the employee only 
when his own individual performance 
indicates that he is prepared. and able 
to tace tasks 
gives the employee an opportunity to 


new Each job experience 
apply an increasing and varying wealth 
ol knowledg« to subsequent tasks he is 
to face. In substance, the 
planned-experience program is just as 
flexible* as the 


sum and 


includes 
all technical employees through the ex- 


individual and 
ecutive level 

Let us assume that several years ago 
a chemical engineer began his course in 
industrial education. He is still partici 
pating in it today. The first week of 
his employment may be compared to a 


freshman initiation week. Having been 
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interviewed by the personnel, safety, and 
education directors, he is finally guided 
to a better-than-average looking office 
and there introduced to the plant man- 
ager. The latter is usually a young fel- 
low with an uncanny ability to make 
you feel at ease immediately. Can you 
imagine the young engineer's amazement 
when he finds the manager knowing 
about his place of birth, childhood, and 
the schools and college he attended as 
well as his hobbies. Plant managers 
make it a point to know al! newly hired 
technical men and keep a watchful eye 
on their progress. The manager 
invitation to the 
engineer to visit and talk to him any 
time 


also 


issues an chemical 


The next few days are confined to 
plant tours, films and lectures on com- 
pany policy, quality 


government regu- 


lations, safety and education. The edu- 
cation director has supplied the new 
man literature pertaining to all 
phases of the operations and a blank 
notebook, With the latter he gives him 


with 


instructions to roam around the plant 
making sketches of the flow of materials 
in each unit Finally, after 
about a week he is assigned his first 
regular job. It's usually 
one in the plant. It 
brains—but 


operation 


the toughest 
doesn't 
The 
course, to discourage some fellows who 
thought their college degrees entitled 
them to something better than that and 
so they leave the company. Those who 
remain find that the rest of the 
operations are comparatively easy physi- 
cally and also require the use of their 
brain. 


require 


brawn idea is, of 


soon 


To make sure that the engineer is not 
a robot performing a mechanical func- 
tion only, once every three weeks, when 
on the day shift, he meets with his sup- 
ervisor, the education director, and the 
other members of the shift in a class 
room in the plant immediately after 
work. A written examination is pre- 


A. J. LANGE, 
since gradua- 
tion from the 
University of 
Dayton with a 
B.Ch.E. de- 
agree in 1942, 
has been 
employed by 
Joseph E. Sea- 
ram & Sons, 
ne., Louis- 
ville, Ky. Dur- 
ing that time 
his. training 
and develop- 
ment have been at six plants in twelve 
various positions dealing with produc- 


in the central engineering division. 
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sented which involves the theoretical 
aspects of the operation on which he is 
working. Whenever he changes to an- 
other operation quizzes pertaining to 
that particular function, are given. If 
he remains on one job longer than three 
weeks, it is always a different examina- 
tion. After each interrogation the bal- 
ance of the hour is used by the super- 
visor to give a talk on some problem or 
phase of operations 

Each month the technical operator's 
notebook has to be submitted to the edu- 
cation director. He checks it thoroughly, 
adds his comments, sends it to the de 
partment head who reads it and returns 
it to the operator. In the meantime the 
shift supervisor will also interview the 
engineer on the job every two 
weeks: Have you any complaints? Do 
you understand your job thoroughly? 
Why do you do this? What part does 
your play in the over-all 
manufacturing process? Do you have 
any suggestions of doing it different and 
better? What is the viscosity of the 
mash in the cooking tube? What would 
you do if an emergency shutdown would 


once 


operation 


occur ? 

This method of on-the-job training is 
continued through all the unit operations 
such as milling, cooking, fermenta 
tion, distillation, evaporation, and dry- 
ing 

To help keep the mind active and open 
to operational changes, university 
courses are given by university instruc- 
tors. These are held at the plant after 
work. Participation is voluntary. They 
are all two-credit hour courses and each 
semester the prospective student has a 
choice of three. The 
vided in two series, industrial and cul- 
tural. The industrial courses include: 


courses are di- 


Bacteriology 

Public Speaking 

Unit Operations 
Fundamentals of Accounting 
Creative Writing 
Transportation Economics 
Business Law 

Marketing 

Statistics 

Public Relations 
Industrial Relations 


Ihe cultural courses are: 


International Relations 

Music Appreciation or History of Music 
History of Painting 

The Urban Community 

Economic Geography 

Psychology 


Crenetics 


Regular tuition is paid for any of 
these courses by the student but on the 
basis of grades, a refund is obtainable 
(A—100%, B—75%. C or D—5S0%). 
If the emplovee doesn't like any of the 
courses being offered at the plant, he 
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tion, maintenance, utilities, construction, 
industrial sanitation, industrial educa- 


could attend the nearest university, take 
any course he wished and still obtain the 
same refund 

After about 6 or 9 months within the 
planned-experience program the engi 
neer has been in enough operations to 
qualify for the “Distillery Examina- 
This test is quite comprehensive 
covering every phase of the production 
department 


thon 


An additional requirement 
at this time is to submit a revision of a 
production procedure or unit operation 
© that some one following will benefit 
by his experience on that particular job 

H 


speak 


passed the hasic 
the 
the engineer may be en- 
rolled in the Pre-Supervisory Training 
Class Problems of 


test so to 


aml possessing necessary 


qualifications, 


supervision ot 
every conceivable nature are presented, 
discussed and it The 
one 
Presently 
he class is limited to eight and may be 


tT hoped solved 
al week 


hour during working hours 


Miecetings are held once 


tor 


lowed to drop to six, depending upon 
uture supervision requirements and 
itheiently developed men 

In addition to personnel management 
roblems, films are presented, plant ex 
utives speak to the group and the 
embers themselves give talks and hold 
nel discussions. This program repeats 
18 months, by which 
me a completely new group is usually 


about every 


attendance 

Onee the engimeer has 
hieved supervisory status he may hold 
at position at the 


engineering, or 


chemical 


various times in 


roduction, maintenance 


istrument departments, gaining exper 
Regardless of 


hich department he may be a member 


AS he along 


+ still training. Once a week he par 


cipates Mm supervisory meetings and 
Must answer quizzes monthly on gov 
nment regulations pertaining to the 


tilling industry, fundamentals of dis 


Hlery practice, the distillation of alco 


He 
asked during this period to par 


1, and problems on management 
also is 
ticipate voluntarily in 


civic) Tunctions 


The next steps up the ladder are those 


Of assistant to department head level 
The planned experience and education 
programs are till im force The chem 
ical engineer may be a department head 


in the utilities, production, warehouse, 


or bottling departments at some time or 
another. Once his training is completed 


here there are usually two choices: on 


up the ladder administratively to assis- 
tant plant manager 


or the central office 


division of and research 


Finally the chemical engineer can be a 


engineering 


chemical engineer and because of his 
educational background as well as over 
all training experience, he is the best 


there is to be had. Perhaps it may lx 


said that at this point his training really 


begins 
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BASIC CONSIDERATIONS 
DEVELOPING ENGINEERS 


J. C. McKEON 


Manager, University Relations, 


Westinghouse Electric Corporation, 


American 


aucial 
industry 
ment of leaders for the future 


most problem facing 
is the develop 
leaders 
in both the technical and management 
the future 


drawn from the ranks of professionally 


areas. Leaders of will be 


trained men. The type of leadership we 
can expect will depend on the quality of 
the preparation young men are receiving 


in the colleges and in industry. The 
education and training of the young 
engineer 1s, therefore, a joint respons! 


True, 
the engineering colleges have been pre 


bility of industry and the colleges 


paring potential engineers for industry 


for many years. Moreover, industry ts 
providing training for the advancement 
of the gradua‘e 
in mind somethin; 
the 


development of a new attitude to 


college However I 


have of even greater 


significance to engineering protes- 
ward our mutual responsibilities as part 
and 
growth of the engineer 
The 


-hip 


ners in education professional 


theme, industry-college partner 
should like to 
suggest that we include a third member 


is challenging. |! 


on our team. I reter to the engineering 


the 


such as 


socreties Organizations 


J.C.McKEON 
as manager of 
university re- 
lations, is re- 
sponsible for 
the Westing- 
house ad- 
vanced educa- 
tional pro- 
grams and 
general rela- 
tions with the 
colleges. He is 
active in engi- 
neering and 
professional 


societies serving as a member of 
E.C.P.D. committee on professional 
training, A.S.M.E. education com- 
mittee, A.S.E.E. general council and 


A.S.E.E. relations with industry e¢x- 
ecutive committees. Prior to joining 
Westinghouse, nine years ago, Mr. Mc- 
Keon was associate professor of indus- 
trial management at the University of 
Tulsa. He received both his Bachelor's 
and Master's degrees from Penn State. 
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East Pittsburgh, Pennsylvania 


American Institute of Chemical Engi- 
neers are in an excellent position to 
exert a constructive influence at both the 
national and local As in any 
partnership, each member has much to 
gain if the venture proves successful and 
unlimited liability if it fails. If we can 
become as concerned about designing 


levels 


programs for developing men as we are 
about designing a quality product, our 
Success is assured. 

What are some basic considerations 
effective 
engineers in industry? 


in designing for 
Let's get down 
to basic elements since they are applic- 


programs 


able to all companies, large and small. 
How a thing is done is important, but 
there are many wavs of reaching the 
same objective, and the specific methods 
employed will depend on the size and 
type of organization of the company. Of 
greater 
done and why 
unportant. If 


significance is what should be 
The why is particularly 
we understand 
are doing a certain thing 


why we 
we can keep 
abreast of changing conditions and con- 
tinue to improve our methods. The need 
tor training and education in industry 
becomes apparent when we realize the 
gap which exists between the graduating 
senior and the a full-fledged 
engineer 


status ot 


The Transition 


Since the beginning of the Technolog- 
ical Revolution, industry has become in- 
creasingly technical and complex with a 
resulting Phe 


independent craftsman of vesterday has 


high division of labor 
heen replaced by the scientist, the design 
engineer, the accountant, the labor law- 
ver, and other specialists 

While the craftsman of former years 
grew up with the business, the%ollege 
graduate of today 


organization at a 


steps into a strange 
high level 
He has had no opportunity to understand 
through long the 


and operations of the concern 


relatively 


methods 
During 
his first few vears with a company, the 
place in 
to under- 


association 


young engineer ts finding hi 


the organization, attempting 
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stand himself, and shaping his profes- 
sional goals. Frequently, he is establish- 
ing his family and generally his salary 
is modest. Closing the gap between his 
experiences on the campus and the real- 
ities of earning a living in a complex 
situation is not an easy task. The young 
engineer needs a helping hand in making 
the transition from directed development 
to self-development. 


Division of Responsibility. Special- 
ization in industry has led some people 
to the erroneous that the 
colleges should train specialists. This is 
a serious misconception. Actually, the 
best education for industry is a sound 
foundation of fundamentals. With a 
thorough knowledge of fundamentals 
and a skill in their use, the engineer 
can handle new problems of a special- 
ized nature. Specialized jobs in industry 
cannot be learned in college, but only 
through years of experience. Moreover, 
education in fundamentals gives the 
young engineer greater flexibility in em- 
ployment and subsequent promotion. 
One's career often takes unexpected 
turns. It is the colleges’ responsibility 
to train for a career rather than for 
a job 


conclusion 


Progressive management is looking 
for men with a high potential in the 
technical and management fields—men 
who are well grounded in engineering 
fundamentals and who have the personal 
qualities essential to teamwork. Spe- 
cifically, industry is looking for men 
who have: 


1. Technical competence. 
2. Desire to get ahead. 
3. Ability to deal with people. 


The employer must provide the indus- 
trial know-how and the specialization 
required of the job. But management 
must do much more than this. Manage- 
ment must be concerned with the devel- 
opment of the whole man. 

While each partner has a leading part 
to play in its respective area, the other 
partner must play the supporting role. 
Precisely what are the essential features 
of a good development program for the 
engineer in industry ? 


Requisites for Development in 
Industry 


Proper Environment. The first re- 
quisite for effective development is a 
favorable atmosphere in which to grow. 
This means an enlightened management 
which fully realizes that of all the in- 
gredients going into a successful busi- 
ness, trained personnel are the most im- 
portant. It means a management which 
uses a man’s abilities at the highest 
possible level and at the same time pro- 
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vides opportunities for his further de- 
velopment. In recognizing the impor- 
tance of attitudes in the professional at- 
tainment of the young man, industry 
must not be unmindful of the role 
played by management's attitudes at all 
levels. One of the best ways to develop 
professional attitudes is through asso- 
ciation with a boss who has a healthful 
outlook toward the job, our social insti- 
tutions, and life in general. 


Selection and Initial Training. The 
best of training programs will not bring 
the desired results unless competent men 
are available for such training. The 
selection of the right type of men for 
the company is, therefore, high on the 
list of requisites. Men employed at the 
colleges for jobs should be selected for 
their potential rather than for their 
ability to become immediately produc- 
tive. It is to these men that management 
must look for future leadership. Care- 
ful screening of candidates is essential 
since a college diploma is not in itself 
evidence of fitness for a particular com- 
pany. Progressive management realizes 
that errors in screening applicants not 
only result in the employment of mis- 
fits who prove costly in terms of turn- 
over and employee dissatisfaction, but 
deprive the company of good men who 
will be needed. 

There is little use of recruiting out- 
standing men unless some provision is 
made to give them the orientation and 
basic training they need to do a job. In 
addition to becoming acquainted with 
the personnel, organization, and policies 
of the company, the graduate needs work 
experience in the different aspects of the 
company's operations so that he may 
learn firsthand the avenues of opportun- 
ity which are open to him. For the most 
part, the recent graduate is not certain 
of the type of job for which he is best 
suited. During his first year or so, a 
series of work assignments of several 
months each will give him a better un- 
derstanding of such functional fields as 
research, design, manufacturing, sales, 
and purchasing. 

When a college graduate joins a com- 
pany, he is making an investment of 
his time and talents in that organization. 
Accordingly, the new recruit has a right 
to expect his company to make an in- 
vestment in his development. 

The with which I am 
associated has long recognized the im- 
portance of the selection and training of 
talent. Through the efforts of George 
Westinghouse and B. G. Lamme. the 
company took an early lead in recruiting 
engineering graduates at the colleges 
and training them for responsible posi- 
tions. In the past half-century, we have 
recruited more than 17,000 graduates in 


organization 
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electrical, mechanical, and chemical 
engineering—in fact, in all branches of 
engineering and science. Our initial 
training program is known as the 
Graduate Student Training Course. Its 
objectives are to give the recent grad- 
uate an understanding of the company’s 
organization and the diversified activi- 
ties open to him, to teach him methods 
of applying fundamental principles to 
the solution of industrial problems, and 
to assist him in finding the type of work 
for which he is best fitted by virtue of 
his educational background, aptitudes, 
and interests. In brief, it 
of matching men and jobs and providing 
man with the 
forward. These objectives are 
accomplished through a series of co- 
ordinated work technical 
and professional conferences, and indi- 
vidual counseling in a well-defined pro- 
gram which extends over a period of 
approximately one year, This type of 
program gives assurance that the young 
engineer will receive personal attention 
from a sympathetic supervisor and will 
not become lost in the organization. 


is a process 


each tools he needs to 


move 


assignments, 


But orien- 
trammg are not 


Continuous Development 
and initial 
There is need for follow-up 


tation 
enough 
training on an informal basis as the 
engineer moves along in his career. The 
key to good work is job satisfaction. 
Management engineers have found that 
satisfaction depends, in a large part, on 
whether the job draws on all the pro- 
talents. In the 
Procrustean 
Procrus- 


fessional employee's 
past too 
philosophy has been applied 
tus, as we recall, was the legendary 
highwayman of Attica who tied his vic- 
tims upon an iron bed and stretched or 
cut off theic legs to adapt them to its 
length. Too frequently, men and jobs 
were thought of as round or square. But 
men are neither round nor square—they 
are many different shapes from the 
standpoint of aptitudes, abilities, and in- 
terests. Flexibility in arranging jobs, so 
that activities are fitted around the man 
rather than forcing him into a mold, is 
advantageous when dealing with the 
mature engineer both from the stand- 
point of productivity and morale. Re- 
search directors found that by 
giving the scientists a percentage of 
their time to work on projects of their 
own has paid off in scientific develop- 
ments and There is 
need for more careful study of indi- 
vidual aptitudes and interests, together 
with a more intensive analysis of job 
requirements. 


much of the 


have 


job satisfaction. 


Job rotation on the higher levels 
broadens a man’s experience and assists 
materially in developing leaders. A pro- 


motion system based on individual per- 
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formance together with insurance and 
pension plans contributes to the em 
peace of mind and thus creates 
a tavorable condition for professional 
growth 


ploy ee 


Education for Leadership 
nent 


Manage 
must be mterested in maimntamimng 
in ascending growth curve through self 
development on the part of the young 


engineer. The engineer must not only 


be a useful member of the industrial 


team, but he must also he a good citizen 


One method of keeping the young engi 


neer mentally alert and moving forward 


§6through well-planned educational 


programs. Some of these may be aimed 


at mereasing his technical competence 


while others 


at broadening his social 


knowledge. Industry's educational needs 
Here are 


as requiring attention 


are quite diversified 
the ar 


some ot 


\fter initial traming, a portion of the 
engines graduates find their 
places in such functional helds as re 
search, development, design, and man 
ulacturing engineering requiring ad 
study in mathematics 
aml engmeering 


ring 


vanced scrence, 


(Hhers, who find they are best fitted 
tor sales engmecering production, pur 
chasing, and 
mere 


thew 


business functions 
directly by 
eng neering 
economics 
nance, and law 


may 
supplement 
degrees with 
marketing, fi 


benefit 


curses m 


Certain wvdividuals in the foregoing 
groups will demonstrate a capacity for 
handling people and will need « xecu 
tive development as part of the groom 
img process 


\ few will have the talents to rise to 
top mangement and will need a broad 
foundation in business management 


\ll members of the foregoing groups 
ced a better command of the tools of 
mmunmeation, both the written and the 
woken word, and the ability to sell them 


ves amd their Moreover, it is 


wleas 
@ssential that they 
ing of the 
tution 
dustry 


bilities in these e uty 


have an understand 
umd the 


which thew live 


business social insti 
Both in 


re ist 


under 


ancl the | s have 


onal areas 


One of the most fruitful areas of in 


dustry-college cooperation lies in provid 


me programs of graduate study for 


enw ineers er tull industry 


Industry employ inv graduates on the 


Bachelor evel wi ure 


tor graduate work \ 


well qualified 
izable group goes 
ctivities require a knowledge 
For a 


ber of ities 


of advanced fundamentals num 


have 
ifternoon and 


Ine and sound 
generally rec 


| but, unfortunately. the practice 


* not so widespread as it should he 


Not only does industry hawe the prob 
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lem of preparing engineers for key tech- 
nical positions, but also of developing 
men for management. Forward looking 
management ts giving this matter ser- 
ious thought and is doing something 
about it through careful planning Any 
plan, to be successful, must provide for 
finding and developing talent within the 
company. Progressive management has 
analyzed its future supervisory require- 
ments, completed a personnel audit, and 
planned some form of management de- 
velopment 
There are, of course, many 
development Some of 
these can be polished through job rota 
tion and training the 
while others require outside help 


lacets to 
management 
within company 
The 
universities can make a real contribu 
tion im this area ot personnel develop- 
ment, during the engineer's early train 
ing, by offering courses in business and 
the social sciences, and later on when he 
is being groomed for more responsible 
management positions 

the Schools of Business 
and the Industrial Relations Sections of 
the universities, as well as the Engineer 
ing Extension offer short 
courses m various phases of industrial 


Certam of 


eT 


administration in cooperation with in- 
dustry. Of particular interest is the 
\dvanced Management Program of the 
Harvard Graduate School of Business 
Administration, and Management Prob 
lems for Executives sponsored by the 
University of Pittsburgh. These courses 
run tor twelve and eight weeks respec 
tively on a full-time basis on the campus 
Partic pants are selected by the compan 
ies who pay the salaries and expenses 
Both 


successful and 


programs have proved eminently 
as a result, are attract 
ing top-flight men 

However, only a relatively few engi 
neers have the opportunity to take these 
courses. Many employees have in-com 
pany educational programs available or 
may enroll in 


evening classes at a 


near-by college. An increasing number 


of technically trained men feel a need 
tor a better understanding of our busi 
ness economy, labor relations, law. and 


ony 
significantly 
ot the 


sional 


or possibly psychology sociol 


and philosophy—all of which 
elated to the 


individual’ social 


are 
formulation 
and protes 

how 
taught on the 
sophomore level and, thus, offer little to 


concepts 
the 


Too frequently 


ever courses are 


stimulate the man in industry. The col 
leges can be of real assistance in design 
ing courses m these areas for the mature 
person in industry 

Professional Activities. Engineering 
societies and other professional groups 
have a significant role in assisting the 
engineer plan his self-advancement pro 
should encourage ti 


gram. Industry 
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young engineer to take an active part in 
the programs of his local engineering 
society. Participation in these activities 
engenders a sense of belonging and pro- 
motes a professional consciousness. An 
esprit de corps should be fostered in 
each society, but not to the extent that 
it blinds its members to an appreciation 
of the mutual advantages of working 
with all professional groups and other 
segments of society 

Through discussions with members of 
his own local branch, the engineer gains 
a deeper understanding of the ethics of 
his profession. The preparation and 
presentation of technical papers and re- 
ports not only build self-confidence, but 
also generate further interest in ex 
pressing himself effectively, and in 
learning more about techniques of com- 
munication. Such activities 
both within his 
and in his community. 


give him 


recognition company 


The Small Company 


“But what about the small company ?” 
many will ask 
lined 


The basic elements out- 
in the foregoing paragraphs are 
as applicable to a small company as they 
are to a large organization. Small com 
pames need a training and ce velopment 
program as much as a big outfit 
it must be tailored to fit their 
Accordingly, it is a mistake for 
company 


but 
needs. 
a small 
which is inexperienced in 
the programs and 
a large business which has 
been training-conscious tor 
It is better fos 
down a 


training to adopt 


methods of 


many vears 
a small company to set 
practical 
agreement on how those ob- 
attained All that is 
needed is the active support of top man- 


few objectives and 
reach an 


jectives can be 


agement and someone who is interested 
in the young recruit and his protessional 
development. The important thing to re 
member is that training and develop 
ment are important tunctions to he 


irrespective of the 


formed the 


size or 
company 


Achieving Better Understanding 


Mutual understanding is the key to 
industry-college cox peration In’ in 


stances where the 


representatives of the 
colleges and industry sit down at a 


conterence table and discuss their prob 
find real 
sucn discussions 


lems, we cooperative effort 


Through each 


side 
gains an 
the other 


insight into the problems of 


and a their 
responsibilities. 
continu 
must 
active support of industry. By the same 
token, the for 


education cannot end when the student 


realization of 


and separate 


the colleges are to to turn out 


competent men, they have the 


colleges’ responsibility 
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sucee ully offered lat 
evening courses, The \ 
‘ 


leaves the campus for his first job in 
industry. 

There are many ways in which indus- 
try can promote teamwork with the col- 
They include summer industrial 
arranging 
jomt industry-college seminars at im- 
dustrial plants, joint graduate study 
programs, providing top-flight engineers 
and scientists as evening graduate school 


leges 


experience for professors, 


lecturers, selling laboratory equipment 
at attractive discounts, preparing engi- 
neering problems and material for the 
classroom, and sponsoring scholarships. 

Westinghouse is interested not only 
in the recruitment of high potential men 
at the colleges, but we believe that we 
have a responsibility to assist the col- 
particularly talented 
young men and women and helping 
them secure an education. The George 
Westinghouse Scholarships at the Car- 
negie Institute of Technology, the 
Science Talent Search, the War Me- 
morial Scholarships, and the 4-H Club 
Scholarships which are open to high 
school seniors have provided recognition 
and assistance to 


leges in finding 


a large number of 
talented young people. An extensive 
program of scholarships and fellowships 


in engineering, the physical sciences and 


management, as well as several profes- 
sorships are maintained by the Westing- 
house Educational Foundation. More 
than 600 employees are enrolled this 
semester for graduate work at the seven 
universities with which the company co- 
operates through its Graduate Study 
Program. Since the inauguration of the 
plan with the University of Pittsburgh 
in 1927, more than 6,000 employees have 
registered in the programs at the seven 
universities, and many have received ad- 
vanced degrees. 


Opportunity and the Individual 


Opportunities open to the competent 
engineer are limitless. America has the 
capacity, the jobs, and the resources to 
make the next ten years the greatest 
decade of prosperity this country has 
ever known. How? The answer is pro- 
ductivity through machine power. The 
colleges can provide a well-integrated 
engineering education. Industry can 
provide the training, the encouragement, 
and the recognition necessary for ad 
vancement. But each individual must 
assume the major share of the responsi 
bility 
success depends on the man himself. 


for his own advancement since 


TRAINING FOR 


PROFESSIONAL 


COMPETENCE 


WEBSTER N. JONES 


Dean, College of Engineering and Science, 
Carnegie Institute of Technology, 


VERY 


chemical engineering as a profes- 


individual who chooses 
sion should aspire for professional com- 
petence, and every mature chemical eng- 
neer—whether as teacher, as engineer in 
industry, or as a member of A.L.Ch.E.— 
should help him achieve it. Training for 
professional competence is not only a 
personal matter with each of us but also 
an opportunity for each of us to advance 
our profession by aiding the young men 
who follow in our footsteps. 

I know from experience that teen-age 
boys who have entered a school of engi- 
neering do not have a clear idea of 
could 
they without formal training or practical 


professional competence. How 
experience? The college professors have 
the duty of indoctrinating the young 
men into the profession. Industry has 
the task of affording the young graduate 
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the opportunities of attaining profes- 
sional competence. The A.1.Ch.E. must 
determine the standards essential to pro- 
fessional development and bring them to 
the attention of the individual, the col- 
lege, and industry. 
levels of professional competence. | 
would set the lower limit as the qualifi 
cations for the Active membership grade 
in the A.I.Ch.E. The upper limit knows 
no bound, 

The great expansion of chemical in- 
dustry is attracting some of the nation’s 
brightest young men to our profession. 
This raises an important 
Whose responsibility is it to see that 
these young men will attain full profes 
sional competence in the years to come? 
Before we can answer this question, we 
must know what the essential influences 
are that will enable the college graduate 


There are various 


question 


to achieve ultimate professional compe- 
tence. There are four major influences : 
the native inherent ability, personal 
characteristics, and desires of the indi- 
vidual; the formal training that the edu- 
cational institution provides ; the intern- 
ship which industry offers the young 
chemical engineering graduate ; and the 
educational, ethical, and technical stan- 
dards established by A.1L.Ch.E 

Let us first discuss the responsibility 
of the young engineer. It is my convic- 
tion that the primary responsibility to 
make the most of his professional life 
rests squarely on the individual. How- 
ever, it is my thesis that we—the col- 
leges, industry, and the Institute—<do not 
do enough to help him, particularly in 
the critical years following graduation, 

What should the division of responsi- 
bility be between the college, industry, 
and the Institute in the training of an 
engineer? In accordance with custom of 
long standing, the American student pre 
pares himself for professional work in 
engineering by means of formal educa- 
tion in college; and that is followed by 
a period of on-the-job training in indus- 
try. Formal education cannot continue 
forever—yet, the engineer should grow 
professionally during his whole life. It 
is practical, then, and economically 
sound that the college should direct its 
education primarily toward helping a 
man to develop the capacity to use 
fundamental knowledge and to learn 
from experience; this leaves for indus 
iry the responsibility for training the 
graduate in much of the specialized 
knowledge and procedures—commonly 
called “know-how"—that he will need in 
his work; and both industry and the 
colleges must work together in the In 
stitute to encourage the highest profes 
sional standards and continuing interest 
in technical development 
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of the Carnegie 
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instructor at 
the universi- 
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N. JONES 
has been dean } 
, 
A Ph. D. from 
Harvard, Dr. ‘ 4 
Jones has been j 


Let me now discuss with you what the 
college should do. I shall illustrate by 
telling what has been accomplished dur- 
ing the past years on our 
campus 

The Carnegie Institute of Technology 
vitally concerned this 
We have been revising the 
curricula in an attempt to find better 
ways of teaching fundamentals so thor- 
oughly that the student can readily apply 
them to specific situations, and to find 


tew own 


has been with 


problem 


how best to apply what he has learned 
Our educa- 
been put into 
into what we call “The Carnegie 


from previous experiences 
tional philosophy has 
words 
Plan of Professional Education in Engi- 


neering and Science,” as follows 


“The aim of professional education at 
Carnegie Institute of Technology is to equip 
students to go on learning after graduation 
and to grow throughout their lives in pro- 
fessional and personal stature and in useful 
ness as citizens. Carnegie does not seck to 


tram students to he professional practition 
ers at gradution but rather to educate them 
mo that they will become professional men 
- full stature 

Instruction is therefore planned to help 
= h student acquire the following 


1. Thorough and integrated understand- 
mg of tundamental knowledge in the 
fields covered by the student's curricu 
lum, and the ability to use this knowl 
cuge 


Genuine competence in the orderly 
way of analytical thinking which pro- 
fessional men and scientists have al- 
ways used in reaching sound, creative 
conclusions; to the end that after 
graduation the student can, by such 
thinking, reach his own decisions in 
his profession and as a citizen 


\bility to learn for himself with schol- 
arly orderliness; so that after grad 
uation he will be able to grow in wis 
dom and keep abreast of the changing 
knowledge and problems of his pro 
fession amd the society in which he 
lives 


The philosophical outlook, breadth of 
knowledge, and sense of values which 
will understanding and 
enjoyment of life and will enable him 
to recognize the human, economic, 
and social problems of his professional 
work; and the breadth of ability to 
use his professional powers in dealing 
with these problems and those he will 
meet as a citizen and a person 


merease his 


Instruction is focused upon fundamental 
content useful m later learning. rather than 
upon the amassing of particulars of know! 
edge and technique that can better be 
learned at the time of use. In advanced 
courses, emphasis is also placed on using 
the fundamentals learned in earlier courses.” 


This is the plan we are following at 
We do not that this 
plan of education is the last word in a 
college's contribution to the training of 
an engineer tor professional competence 


Carnegie claim 


but of even 
more importance is the quality of the 


Some plan is required—ves 
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teacher, the quality of the student, and 
the way in which they work together. 
The teacher must want to teach men, 
not alone subject matter. The student 
must want to study, and must be made 
to realize that he learns only from what 
he himself thinks and does. 

I have discussed what education can 
do for the young chemical engineer. 
Now, what about industry ? 

I am particularly interested in indus- 
trial training programs because of my 
own experience. For many years, as an 
employee of a large rubber company, I 
was engaged in the selection and train- 
ing of technical men. It is a source of 
great personal satisfaction to me, that 
many of “my boys” have risen to posi- 
tions of distinction in engineering, re- 
search, production, purchasing, and 
saivs. Among them are plant managers, 
research engineers, pur- 
chases of the parent company and sev- 


directors of 


eral vice-presidents, and even a president 
of the company’s subsidiaries. Naturally, 
some of them for one reason or another, 
myself included, did not remain with the 
company. Whether they remained with 
the company or not I am very proud of 
them because of technical and 
business achievements, their civic- 
mindedness and, above all, their loyalty 
to each other, and incidentally, to me. 


their 


What was accomplished there was not 
unique, nor should it be. Management 
should realize fully the potential value 
of in-plant-training courses, and should 
avoid training a 
particular job 


young engineer for a 
Management must be 
convinced that job training is not en- 
ough; we must have man training to the 
limit of the man's capacity and potential 
usefulness. The broader the work ex- 
perience a trainee is given, the better for 
the man and for the company. I under- 
stand that more difficult now 
than formerly because of labor union 
regulations. This problem should be re- 
solved by negotiation between top-man- 
agement and union officials. Top man- 
agement should not default its leadership 
m this important activity, The develop 
ment of professional competence in its 
engineers is not a charitable nor a phil- 
anthropic undertaking for industry ; it is 
a sound investment, sometimes in im 
mediate return and always in the long 


this is 


pull, for the greatest asset of any com 
pany, large or small, is its personnel, 
Who should guide the formal in-plant- 
training program? The program should 
be led by a professional engineer who is 
with all the of the 
company and with the men who direct 
them. He should be vitally interested in 
young men, should be an excellent judge 
ot them, and should be capable of win- 
ning their respect and confidence in both 
technical and personal matters. The re- 
developing the aims, 


familiar activities 


sponsibility of 
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scopes and procedures of the training 
program should be in his hands and he 
should recruit men for his company. In 
a large company he will need assistants, 
who should be chosen with characteris- 
tics and training similar to his. Let's 
call him an “industrial dean.” 

Selection of personnel capable of 
achieving full professional stature is one 
of the most vital responsibilities of the 
industrial dean. He cannot do it by 
means of completed application forms 
and 15-min. interviews. He will find 
that it pays to maintain contacts with 
faculty members and college personnel 
officers from whom he obtains recruits. 
He may wish also to encourage his com- 
pany to employ college men during the 
summers following their sophomore and 
jumior years to determine their fitness 
for employment. The ability to choose 
personnel of promise is a rare gift and 
is not necessarily confined to members 
of the staff of the personnel department. 
He may be fortunate enough to find 
several persons in his company who are 
capable of making intelligent selections 
of new employees. When he hires voung 
engineers, it is important that he know 
fairly accurately how many men are to 
be retained, so that his company does 
not accept more young men than it needs 
only to be forced to release the excess 
later to the detriment of the reputation 
of the company and the undermining of 
the morale of those released 

During the in-plant training there are 
many significant aspécts that should re- 
ceive attention. The trainee should be 
rewarded for work well done either by 
an increase in pay or by an increase in 
responsibility. A young engineer prefers 
an imerease m responsibility to an in- 
crease in 
routine job where his chemical engineer- 


compensation if he is on a 


ing tramung ts not being used adequately. 
Furthermore he knows that an increase 
im responsibility is the means to an in 
crease in salary. 

Perhaps the most significant aspect of 
training is arranging manpower so that 
the beginners are intimately associated 
with those who are skilled and possess 
the rare ability to teach others. Such 
relationships do occur in industry—per- 
haps more frequently by chance than by 
design—but everything should be done 
to foster them 

The job of the industrial dean is not 
finished when he has given the trainee 
a broad experience in the company. In 
fact, he has other duties to perform, 
enough to fill a thick volume 
to enumerate them 
mention a tew 


were I 
However, I wish to 
he should encour- 
age the trainee to join a national pro- 
fessional society and to take an active 
part in the local section meetings; to 
study on his own time and to attend 
evening classes if this is possible; to 


more 
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become a registered professional engi- 
neer; and to take an interest in, as well 
as a part m, civic affairs of the com- 
munity. 

I have discussed what colleges and 
industry can do separately for the young 
chemical engineer. Now, what is our 
Institute doing ? 

In 1908, 100 industrial chemists met 
in Pittsburgh and organized the Amer- 
ican Institute of Chemical Engineers. I 
dare say that not one of the charter 
members would have predicted that by 
1949 nearly 100 schools of engineering 
would be providing specialized educa- 
tion for 22,000 chemical engineering 
students each year ; that more doctorates 
would be awarded than in any other 
branch of engineering; and that the 
roster of the Institute would number 
9,758: 3,667 Active members, 497 Asso- 
ciate members, and 5,594 Junior mem- 
bers. 

The Institute is deeply interested in 
the young engineer. It has fostered the 
organization of student chapters and has 
encouraged professional competence of 
However, 
more attention could be paid to the 
Junior membership which exceeds the 
Active membership by fifty per cent. 

There is one activity that has had a 
significant influence on chemical engi 
neering education and that is the work 
of the Accrediting Committee. The 
Institute was the first of the engineering 
societies to become interested in accred- 


students by awarding prizes. 


iting schools. As a result of long and 
arduous study it has established criteria 
by which curricula are judged. The ac 
crediting is carried out in cooperation 
with the Engineers’ Council for Profes- 
sional Development. As of September, 
1948, of the 83 curricula submitted, 41 
had been fully accredited and 15 pro- 
visionally accredited. 
procedure is most comprehensive. It also 
provides for reimspection at 5 yr. mter- 
vals. 


The accrediting 


This keeps the colleges from as- 
suming a satisfied air. 

And now, having discussed in turn 
what industry, the colleges, and the 
Institute are doing and can do, | wish 
to emphasize, in closing, the necessity 
of full cooperation of all concerned in 
this vital problem of aiding the young 
engineer to achieve professional com- 
petence. Training for professional com- 
petence, as I have said, depends on—the 
individual, the college, industry, and the 
Institute. It will be only by continued 
cooperation and joint efforts that the fu- 
ture of chemical engineering and the 
future of our country will remain 
bright. 


Epitor’s Note: Discussion was 
started on the basis of written questions 
collected from the audience during the 
jeregomg@ papers 
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Chairman Manning: Mr. McEach- 
ron, what is the incentive for good per- 
formance on the part of the trainee in 
a training program, and what is the 
penalty for poor performance defining 
“performance” as the ability to assimi- 
late and use the information presented ? 

K. B. McEachron, Jr.: The penalty 
for poor performance or the incentive 
for good performance is not much dit- 
ferent from that in college. The oppor- 
tunity for permanent placement in the 
company at the conclusion of the train- 
ing program is very much different be- 
tween those men who have made an out- 
standing record and those who have just 
gotten by. The supervisor makes a rat- 
ing on each man and discusses it with 
him, and at the end that rating 
and the rating in the advanced classes 
are available, together with any other 
information we have, such as college 
record, to the men in the company 
interested in placing him permanently, 

Actually, in a few cases we release 
employees from: the company. We don't 
guarantee anybody that we will keep 
him on indefinitely. However, I think 
the point that Dr. Jones made is impor- 
tant: We don't employ people with the 
idea that we are going to release them 
at the end of training; anyone we em 
ploy for the training program we expect 
to keep. When we must release a per- 
son, we consider it an our 
part—we should never have recruited 
him. We don't over-employ. 

Chairman Manning: Mr. McKeon, 
in view of the time limitations within 
any college curriculum and the admitted 
necessity of emphasis on fundamentals, 
is it logical to give further fundamental 
courses or more so-called humanity and 
cultural courses ? 


J. C. MeKeon: Mr. Chairman, | 
think industry can point out what is 
required in the industry, but I don’t 
think we can tell the colleges how to 
teach it. We don't know enough about 
college curricula. I don't want to be 
facetious, but the question posed alter- 
natives, and I would say both. 

I think we have to wring the water 
out of the fundamental program and be 
sure it is fundamental. If you check 
over your program you may find there 
are a number of courses that are appli- 
cation courses. The other point is, of 
course, to bring in more fundamental 
courses in the humanities and 
sciences. | suppose the answer is to have 


error on 


social 


a good balance. 

Chairman Manning: What does the 
panel think of the student cooperative 
program of some schools as an instru- 
ment through which industrial require- 
ments can be carried out? 

K. B. McEachron, Jr.: | think the 


cooperative program is a good way in 
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which to achieve our objectives in in- 
dustry. In our company we are engaged 
in such a program in three institutions, 
However, I think it is wise to empha- 
size that we don't feel it desirable to 
have all of any one kind of education 
in the country. For instance we experi- 
mented with undergraduate education 
within the company back in the Twen- 
ties. We concluded it was unwise to do 
that sort of thing because we have a 
great advantage in diversity and types 
of experience by employing people with 
many different backgrounds. So al- 
though we are deeply interested in the 
cooperative program we are by no means 
of the opinion that every school, or the 
great mapority of programs, ought to 
have a cooperative program within 
them. 


J.C. MeKeon: | might add that cach 
individual can develop his own cooper- 
ative employment program, along the 
lines of Dean Jones’ suggestion of sum- 
mer employment. 

Chairman Manning: Mr. Johnson, 
does your industrial training program 
vary for the chemical engineering 
graduate and the petroleum engineering 
graduate ? 

A. J. Johnson: There is no essential 
difference. As a matter of fact, in our 
company men shift from the chemical 
to the petroleum end, | must admit that 
in the early stages of a man’s develop- 
ment his self-satisfaction is the 
most important thing to us. As I men- 
tioned, I don't believe we can look at 
any group of men other than as indi- 
viduals. Hence you will see a man direct 
his activities in one or the other direc- 
tion, petroleum or chemistry. As soon as 
we recognize that, we make an attempt 
within our program to give him the 
maximum of training, experience and of 
course opportunities, for progressing in 
that field which he desires. 


own 


We have a dean, as referred to by 
Dean Jones, the Dean of the University 
of Petroleum, at least our advertising 
department so calls him, and that is Dr. 
Souders. He essentially is in charge of 
our formalized training of young chem- 
ical engineers. As long as they are with 
Dr. Souders, undergoing the formalized 
training, he makes no differentiation 
between the chemical engineers going 
into the chemical program and those 
going into the petroleum program. 

Chairman Manning: Mr. Lange, 
does Seagram's provide for the young 
engineer to have leave of absence for 
graduate work, and does he get a refund 
on graduate study? 

A. J. Lange: No. The company pro- 
vides quite a few fellowships each year, 
which are up on a competitive basis, so 
to speak, and if anyone does wish to 
go to school to obtain his graduate 
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degree, he writes the letter to the plant 
who will in turn forward that 
for consideration by 


manager 


letter the Fellow 


Committee. However, since the 


ship 
three large plants within the company 
universities a few al 


are close t quite 


lowances are made in order to obtain 
graduate degrees while working at the 
The 


arrangement with the University of Mary 


same time taltimore plant has an 
land; the Lawrenceburg plant with Pur 
due University, though quite a few go to 
aml the 
with the 
who 


the University of Cincinnati; 
affiliated 


University of Louisville 


Louisville plant is 
anyore 
wishes to do graduate work and has not 
received a fellowship may pursue his ed 
ueation in that way and he is refunded 
in that Now the 
comprises tull payment of 


manner fellowship 


tuition, tees 
and books, as well as the regular salary 
Chairman Manning: 


engineers are m 


How miatiy 


tramimng at any one 
ime, in any one group? 

A. J. Lange: 
heir training of 
hired and, as I 


they 


The engineers begin 
course from the 
have 
that 


lob changes al 


av thev are 
nentioned before, remain m 
ramming at all times 
‘vs present new problems which they 
re expected to solve Actually training 
ouldn't cease until the engineer would 
ive the company 

Chairman Manning: many 


roups have gone through your training 


How 


rogram 

A. J. Lange: That is difficult to say, 
yecause the training program is contin 
everyone is im the 


and program 


o you might sav there is sort of re 
vwwal of the program each vear when 

new group of engineers is hired for 
The 
hired each 
5 to W over the 


he various plants in the company 
mitial group of 
varied from 


engineers 
ear has 
10 years 
Chairman Manning: 
he panel 


bast 


\ question tor 


Training programs have been popular 
and 
with a number 
\ hear little programs 
small organizations Is it 


therefore presumably successful 


ot large organizations 
about such 
inherently 
practical to conduct training programs 
\re there 


chistinetions peculiar 


m mall orgamzations 
anv characteristt 
to them as opposed to the large organ 
ization 


K. B. MeEachron, Jr.: | 


that one 


would lke 
I] think that it is com 
pletely sible tor 


to have 
1 small company to 


have a better tr uming program than a 


large company. They don’t need a large 


extensive tramimng program, all they need 


s someone mterested in the young fel 


ow, someone who will see hum along, see 
that he gets work experience in the dif 
work And of 


mmpertant, top-manage 


ferent phases of the 


course 


ment t 
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I think many of those fundamentals 
that | tried t6 mention today are just as 
applicable to the small company as the 
True, the small company has 
to have a different setup, but if some- 
takes the young 
wing, he will get the background he 
needs. 


large one 


one fellow under his 


Chairman Manning: Do you feel a 
man with a Ph.D. training has a distinct 
advantage, in that he can first, skip the 
training period completely ; second, have 
the inside track to positions of responsi 
bility ; 
vanee further ? 

That | think will bring on a debate, 


because | don’t believe the experts will 


and will probably therefore ad- 


admit he should skip the initial training 
period 

A. J. Johnson: It is my feeling that 
a man coming into an organization with 
a Ph.D. has two advantages. One is his 
maturity 
of the maturity he has a better idea of 
would like to do. I feel the 
single most important part of any train- 


and second, possibly because 


what he 


ing program is to.relate the man's own 
ideas of his ability with those ideas that 
you have of his ability 

When a 


if he is not a 


first hired 


needs 


young man is 
Ph.D., he 
opportunity in which to have judgment 
After this longer mitial 
then tends to 

had the 
through his additional training 


more 


passed on him 
period, he 
Phb 
tunity 


equal a 


who has oppor 


in school, to give mature thinking to 
what he wants to do. But in either case 
| think both of them need the traming 
the Ph.D it, but 
the Bachelor must have more of it 
Chairman Manning: Mr. McEach- 
ron, do you find chemical engineers are 
than other 
neers in their technical ability to fit into 
company? What blind 
spots or other obstacles to rapid pro 


course, needs less of 


more or less versatile eng?- 


your are their 


gress ? 

K. B. MecEachron, Jr.: That is a sort 
1 am not a chem 
ical engineer by training, but only some 
I think I would say 
that the chemical engineer potentially ts 
us the field of 
concerned I think 
I am right in this that 
it may be at least in part because the 
frankly is worked 


of inclusive question 
what by experience 


the most versatile, as far 
engineering ts 
statement 
chemical engmeer 
harder in college than most other engi 
think that 
on 


there ts a detinite 
You 


what happens when the engineer suc 


neers, | 


sorting process know 
cessively goes downhill trying to find a 
course he can get through and still call 
himself That's my 


that the 


in engineer impres 


chemical engineering 


curricula on the average require the 
most work 


With respect to the blind spot, [ think 
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the largest blind spot—and probably 
this is true of most every kind of engi- 
neer—is his attitude concerning the 
work he is going to do in industry. He 
limits himself by the fact that he doesn’t, 
or thinks that he can’t, do the particular 
job that may be asked of him. He may 
have the ability but he doesn’t think he 
can do it, or it doesn't agree with his 
idea of, let's say chemical engineering or 
electrical or mechanical or whatever it 
may be. The man needs to have versa- 
tility up in his head, in his mental atti- 
tude toward the problem, as well as in 
his training. 

Chairman Manning: Mr 
under your tutor system of training, do 
the tutors have any other jobs with the 
company besides tutoring 

A. J. Johnson: I'll say they do. As 
a matter of fact, I don't think a 
man can be a good tutor under a 
system like this if he has to devote his 
entire time to tutoring. He cannot pos- 
sibly be the specialist we expect him to 


Johnson, 


be. As we all know, chemical engineer- 
ing is a rapidly moving profession and 
to be truly up to date he must spend the 
bulk of his time keeping up to date, ad- 
vancing with the profession, and have 
only a part of his time available for the 
tutoring job which he must do, 


Chairman Manning: Mr. Lange, 
what is the purpose of the cultural edu- 
cational program in collaboration with 
Has this 
program been established because it was 
found that the young engineering grad 
uate was steeped too much in technical 
subjects alone ? 

A. J. Lange: I don't think the inno- 


vation. of the cultural courses was meant 


local schools for the trainee ? 


How ever, 
and 


as an insult to the engineer 
the amount of mathematics 
science, with which he is primarily con 
cerned, does not give him a sufficiently 
For 
has im- 


broad view of life im general 
that reason the 


augurated various courses to develop a 


company 


cultural background, such as in the ap 
preciation of music and the history of 
painting 

A. J. Johnson: | like to 
know why this cultural training permits 
a man to design a better unit? 


would 


A. J. Lange: First of all, the pursuit 
of a cultural course is voluntary. It its 
assumed that the qualifications that an 
engineer should possess plus the indus 
trial that within the 
plant, plus the industrial training that 
would re 


training goes on 
takes place in the university 


sult m a combination of engimeering 
appreciation of the 


make 


know ledge in | at 
better 
Does 


arts which would him a 


man as well as a better engineer 
that answer your question 
\. J. Johnson: Well 


in part. But it 
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is simply that I feel a man’s outside 
activity, beyond his professional activity, 
should be left strictly to himself. 

A. J. Lange: It is. 

A. J. Johnson: And when you em- 
phasize the benefit of it, and add the 
Statement that it is entirely voluntary, I 
can only say that it agrees with my prin- 
ciples. It leads to the thought that a 
man should have cultural activity. Per- 
sonally, | like to do coloring, and if any 
other man wants to do likewise that's 
all right. 

A. J. Lange: There is no tuition, of 
course, and no fees of any kind involved 
other than the materials necessary in 
our recreational courses. We have 
courses in home mechanics and radio 
where we buy the parts and the indi- 
vidual under proper tutoring assembles 
the radio. For those who desire, we 
also have water color painting, which 
in a sense may be cultural. Also 
we have courses in photography and 
applied arts in which anyone may par- 
ticipate. Strictly voluntary, of course. 

Chairman Manning: Mr. McKeon, is 
it true that some universities are dis- 
couraging out-of-state personnel investi- 
gators? And if so, how? What is your 
policy on that? 

J. C. McKeon: I think the politi- 
cians have something to do with that. In 
talking to the deans, you find they want 
their men to go wherever they find the 
best opportunity. But in talking to the 
politicians, there is the statement, aren't 
we losing the students to the North and 
East, what can we do to keep them at 
home ? 

I think it is a shortsighted policy. Our 
company hires from all accredited engi 
neering colleges. They all go on the 
payroll here at Pittsburgh and receive 
some training. But they find their way 
to Alabama, to the West, and so on. It 
seems to me the best way to industrial- 
ize an area is to send properly trained 
individuals into the industrial area, 
where they can develop techniques and 
know-how, and eventually they will 
return and build up that part of the 
country. I might state that many of 
our people do go back. 

Our approach to the colleges is just 
this. After all, our headquarters may be 
in Pittsburgh but we are in every state, 
we are a local organization in almost 
every state, and many of our people 
return upon completion of their training. 

Chairman Manning: Here is one for 
Mr. Johnson: I have heard comments on 
the loss of initiative on the part of 
young engineers in the oil industry be- 
cause of the time lag between suggestion 
of ideas and their acceptance. Do you 
meet this problem in your company ? 

A. J. Johnson: | suppose in any 
large organization there are individuals 
who have ideas that do not get tried 


Vol. 46, No. 6 


immediately. But I believe I can in all 
sincerity say that in our organization, 
the framework and structure of the 
teamwork which we have developed are 
such that we do recognize pretty well 
every idea that is worth while. If it isn't 
worth while our senior staff is certainly 
anxious to explain to younger men why 
those ideas cannot be tried. 

Now the oil industry of course has 
spent a lot of money in the past few 
years putting in new processes. But I 
don't think—and I believe I can speak 
for the industry at large—that any one 
of us would be likely to turn down any 
worth-while idea today. I think 
that goes for any industry, for that 
matter. I don't think the oil industry 
lags in its development of ideas. 

Chairman Manning: Mr. Lange, are 
your engineers while in the training 
period under the jurisdiction of your 
union? If so, how can you hold them in 
layoff under seniority rules? 

A. J. Lange: We have been criti- 
cized because of the fact that the 
technical yan, when he begins his 
work in our plant, must obtain a union 
permit in order to work on the actual 
operation. 

Should there be a layoff, the union 
agreement is such that he is not included. 
However, if there ever should arise such 
an occasion, where production is cur- 
tailed other jobs which do not fall ander 
union jurisdiction are available so that 
he could be placed in them and still 
continue his training. 

Chairman Manning: Mr. McKeon, 
if you were helping a graduate student 
in selecting his courses, would you ad- 
vise him to weight his program with 
courses involving theory and problems 


such as advance.) unit operation, ther- 


modynamics, physical chemistry; or 
weight his program with more practical 
subjects, such as ceramics and metal- 
lurgy ? 

J. C. McKeon: That's sort of a 
toughie, because it’s a question of defi- 
nition again. We recommend that the 
man weight his program heavily on the 
fundamental side. Many programs of 
definitely technological content can be 
picked up on the job. My recommenda- 
tion is that a graduate program leading 
to a Master's degree, should be heavily 
fundamental. 

Chairman Manning:. Mr. McEach- 
ron, would you give an indication of 
what a training program involves, 
and how many staff members you have 
in such a training program? 

K. B. McEachron, Jr.: In the chem- 
ical engineering, section we have five 
men, and the men in that section are 80 
So you see in that we have one man for 
every 16 in training. However, as I 


mentioned, those men themselves are in 
So there is 


training at various levels. 


no permanent staff. The only permanent 
staff is myself. There are no permanent 
physicists, chemists, and so on in the 
program, they all have as much as six 
or seven years’ service with the com- 
pany. 

The first question is difficult to answer 
because of the value in dollars of the 
work the man does on his temporary 
assignments of three months each. We 
have so well sold the program to the 
company that the units where those men 
are assigned take the full salary plus a 
very low overhead. But essentially, they 
take the full salary for the three months. 
Then the man goes on to another sec- 
tion. So if you assume that that .is 
roughly their value—and that may be an 
exaggerated assumption—you could take 
the next step and say that is their value 
on the job, and therefore it doesn't con- 
stitute a training cost. Then on the bal- 
ance of the training program, employing 
some five men out of 80 is a measure 
of the cost of the program. 

It is not inexpensive. I want to em 
phasize that. It is comparable with th 
Ph.D. training, pot in cost to the studen 
but the total cost of Ph.D. training for 
a three-year program. For a one-year 
program it is comparable to the total 
cost again of the Master's degree. 

All I can say in justification of the 
cost so far as the company is concerned, 
it is considered more than worth it. We 
have more demands for the men tha 
we can possibly satisfy. And when th 
division takes a man we charge it fo 
the cost of his training, because that i 
where the training is going to pay off, 
in the division to which he goes. 

Chairman Manning: Do any of th 
other members of the panel wish t 
discuss that question ? 

A. J. Lange: Insofar as the cost i 
concerned, there are no _ limitation 
whatsoever put on the moneys desire 
for the educational program within th 
plant, as well as the educational pro- 
gram outside the plant. The budget, 
which is merely used as a guide, 
for education runs at $1200 per month. 
However, that is exceeded often and no 
one minds a bit; as a matter of fact, 
the higher it goes the better it is. 

Member: Since the company knows 
which men take advantage or don't take 
advantage of the cultural phases, is there 
any discredit to the men who do not; 
are they penalized because they don't 
take the cultural program? 

A. J. Lange: They certainly are not. 

Chairman Manning: | have a $64 
question for you, Karl. Twenty-five 
hours a week on problems outside of 
regular duties scarcely allow young 
engineers much time for extracurricular 
activities. Doesn't this keeping his nose 
to the grindstone make the young engi- 
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neer dissatisfied, and isn’t it a hindrance 
to his home life? 

K. B. MeEachron, Jr.: Perhaps | 
can testify personally. I took the ad- 
vanced program myself three years, and 
I was married at the time. I will have 
to admit that the development of this 
program-——particularly the earlier pro- 
gram, happened to be originated for us 
by Dr. Doherty of Carnegie some 25 
years ago, at a time when on the aver 
age the man was 22 years old, not mar 
ried, and had no family. We expect we 
will return to that condition in the fu- 
ture. We have had to make concessions 
because of that factor in the program 

But the test of it is the usefulness, and 
the young men who come to us elect to 
take the course. Accompanied with the 
selection is some “hazing” in emphasiz 
ing, time and time again, how much time 
it is going to take. The place of those 
graduates from previous years in the 
wmpanys operations today is what sells 
ilea 


We have included in the program, in 
e last five years, what we call human 
lations, about 16 hr out of the to- 
time they are released from 
me of the technical problems in order 
experiment, if you will, in some of 
* human relations fields. I would like 
ht here, if I might, to comment on 
+ other question asked, and that was, 
ould you concentrate on fundamentals 
the undergraduate curricula particu 
rly, or on the social-humanistic stem. 
hat should be the division? 1 think the 
portant thing in both areas, of course, 
Dr. Jones has said, is to develop an 
terest m the young mans continumg 
bs education, formally or informally. | 
ink that is particularly important in 
¢ social-humanistic area, as opposed 
transmitting factual information, The 
ung man in college has little experi 
ce with either industry of life as he 
s to live it afterwards. If you try to 
him something about life out of the 
texthooks, it is difficult to get it across 
It is much easier to tell him something 
about the theory of engineering or proc 
esses than about life 


So we emphasize the humanistic and 
human relations end of it even in the 
frst year of this technical program, in 
the sense that it is important. If we get 
across the idea that it is important, thes 
will go on and develop themselves, we 
don't have to worry 

Chairman Manning: Mr. Lange, in 
a traming program such as you outlined 
the goal ts to be the wery high positions 
Since only a small number achieve this 
goal, because of normal’ turnover 
plus those who fall bw the wayside 
how do you use those men who fall by 
the wayside but remain with the com 
pany after the traming 


A. J. Lange: That is difficult. If the 
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individual on the in-plant-training pro- 
gram cannot apply himself as the com- 
pany desires, he is informed of that 
fact. He is informed alsu that unless he 
does improve himself to the extent that 
is expected of him he will have to be 
eliminated from the plant experience 
program, because he in turn would be 
holding back someone else in a particu- 
lar job category which would be a part 
of the training experience. There are 
some jobs in the organization which do 
not require a lot of thought on the indi- 
vidual’s part, but they are quite far 
aheld if he is a chemical engineer. That 
is in moving him to another job, he is 
not released. He is placed in another job 
where he would to a certain extent 
stagnate. That attitude, however, is 
taken only in case of extreme necessity. 
Usually the individual has sufficient 
gumption that he starts looking around 
to see where he could apply himself in 
another organization. 

Insofar as the matter of moving up 
m the organization there are—l 
should say there were, in prewar days, 
a tremendous number of people who left 
Seagram's for excellent and of course 
hetter jobs. Many of the people who 
had gone through the training pro- 
grams in former years left for 
much better jobs and where competition 
was not as great. Now however the 
economic conditions are different. Most 
of the men have families and have be 
come localized and stabilized in’ their 
communities Having had to buy 
homes and so forth, they have slowed 
down that turnover terrifically, which 
of course does slow down the progress 
of the individual toward the top 

However, | would like to say that the 
individual who ts on the ball, so to speak, 
will move on up that ladder and a place 
will by all means be made for him. No 
one is held back if he has the ability. 

Member: | would like to ask one 
question about traiming for management 
| think most of the panel members, ex 
cept for discussion of philosophy, have 
devoted themselves mainly to the train 
ing of engineers for technical profession 
on the individual level 

| wonder if we should comment fur 
ther on training engineers to broaden 
themselves so they can take on respon- 
sibilities in other professions ? 

K. B. MecEachron, Jr.: We have 
had that problem facing us particularly 
in the last five or six vears, because as 
most of vou prohably know, we have 
gone to a much higher degree of de- 
centralization than im former years. So 
we have some eight or nine independent 
businesses, and even independent com 
panies, almost, within those businesses 
That has called upon us to develop men 
with more than engineering ability, ot 
more than manufacturing alulity, more 
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than sales ability. To develop those men 
we have depended on a program which 
is not much different from those of 
several other companies (New York 
Edison is one that I am familiar with), 
where we take men and move them from 
assignments in engineering, or in manu- 
facturing, or in sales, or in some cases 
in accounting, into the other areas of 
the total business picture. We don't do 
that in a formal way. By that I mean 
we don't make this a formal program 
and put somebody on it in that sense. In 
fact, what we do is tell the young man 
that we have asked him to move to this 
section, we think it would be good ex- 
perience, if he is an engineer, to get 
some experience in manufacturing, we 
would like him to spend a year or two 
in this particular spot. With no promises 
as to where he is going after that, and 
no promise of further training or any- 
thing else, it is on an individual basis 
of that kind, 

Usually we don't make those selec- 
tions until a man has demonstrated pro- 
ficiency in a supervisory function, if he 
is an engineer in an engineering func- 
tion, let's say. We are interested in 
training people But 
always we avoid the label of people who 
are slated, let's say, for management 
positions and no one else having a crack 
at it. 

J. C. MeKeon: I won't add much on 
this, but | want to emphasize avoiding 


management 


the prelabeling, because the man ex- 
pects a manager's job right away. If 
your screening is not good you can 
get in trouble 

We make every effort to spot super- 
visory talent and provide a careful ro- 
You see, in the indus 
trial field, to make good as an engineer 
But to be- 
come top management you must be a 


tation program 
you have to be a specialist 


generalist About the only way you 
can make a generalist out of a specialist 
is to have him work im different fields 
give him responsibility in various activ- 
ities, so when he moves to top man- 
agement he doesn’t still think of himself 
aS & process engineer, tor example, or 
a design engineer 

Then on the lower levels we do have 
courses where they sit down and dis- 
That is on 
the lower level than top management 
That is important. 


cuss supervisory problems 


Those subjects in- 
clude economics, they include applied 
psychology, although we don't use those 
words. We have many such programs 
going on to develop our people 

I like to look at it this way. There 
are many facets of this whole manage 
ment development. Some of them can 
be accomplished by in-company train 
ing programs In others we need 
the cooperation ot the colleges. 

(The End) 
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BATCH AZEOTROPIC DISTILLATION 


Effect Of Charge Composition On Recovery 


LLOYD BERG, H. C. CARPENTER, and J. B. DALY 


Montana State College, Bozeman, Montana 


Batch separation by azeotropic distillation of five different systems was 
investigated to determine the effect of charge composition on the recov- 
ery of the constituents. Separations investigated were methylcyclo- 
hexane from toluene using 1-propanol as the entrainer, methylcyclohex- 
ane from toluene using 2-butanone, cyclohexane from benzene using 
acetone, n-octane from ethylbenzene using acetic acid, and ethylene 
dichloride from dioxane using 1-propanol. 


N the separation of two compounds by 

straight rectification, it is axiomatic 
that the greater the proportion of either 
of the constituents in the mixture, the 
greater will be the recovery of that con- 
stituent. Thus, with a given rectifica- 
tion column, a mixture of benzene and 
toluene containing 90% benzene will 
yield a greater proportion of a given 
purity of the benzene present in the 
charge than will a mixture of these two 
compounds containing only 40% ben- 
zene. The same holds true for the less 
volatile constituent, toluene. 

In the field of azeotropic distillation, 
no data exist in the literature concerning 
this point, but it has been generally 
taken for granted that the same general- 
ization held. It was the purpose of this 
work to determine the effect of the 
charge composition when separation is 
effected azeotropically in batch columns. 
The work was designed to indicate 
whether or not this generalization might 
be applied to both the more and the less 
volatile component when the separation 
was made by azeotropic distillation. 

Separation of  methyleyclohexane 
from toluene using 1l-propanol as the 
entrainer was selected for detailed study. 
Methyleyclohexane can be separated 
from toluene by straight rectification 
but with considerable difficulty, that is a 
column composed of a large number of 
theoretical plates is required. The ease 
of separation of this mixture is appre- 
ciably enhanced by the use of azeotropic 
distillation and 1l-propahol is one of a 
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number of entrainers which can be used 


to advantage. Eight different charge 
compositions, exclusive of entrainer, 
were investigated ranging in 10% incre- 
ments from 20% methyleyclohexane— 
80% toluene, to 90% methylcyclohexane 
—10% toluene. Each of these mixtures 
was investigated at four different reflux 
ratios: 5 to 1, 10 to 1, 20 to 1, and 
to 1. 


not wholly as expected, it was decided 


Since results obtained were 


to investigate somewhat more -briefly a 
variety Of azeotropic systems in order 
to preclude the possibility of the con- 
clusions applying only to one particular 
case. Four more systems were selected 
for investigation which represented a 
variety of hydrogen-bonded liquids (3). 
A system not separable by straight rec- 
tification was included, Three composi- 
tions, namely 20%, 409%, and 60% of 
the more volatile constituent, were in- 
vestigated for each system but at only 
one reflux ratio, 20 to 1. Systems inves- 
tigated were methylcyclohexane-toluene 
using 2-butanone as the entrainer ; cyclo- 
hexane-benzene with acetone; n-octane- 
ethylbenzene with acetic acid; and 
ethylene dichloride-dioxane with 1-pro- 
panol. The cyclohexane-benzene system 
was selected because a constant boiling 
mixture exists between these two and it 
therefore represents a system which 
cannot be separated by straight rectifi- 
cation. The ethylene dichloride-dioxane- 
l-propanol system is of interest because 
it represents a combination where all 
three liquids are capable of forming 
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hydrogen bonds. Hydrocarbons, which 
constitute part of all the other systems 
studied do not have any hydrogen-bond- 
forming ability. 

Because no data were available in the 
literature concerning the actual per cent 
recovery possible with a standardized 
column by straight rectification for the 
systems studied, it was necessary to 
carry out some nonazeotropic runs to 
provide data for comparison purposes. 

The observed boiling temperatures of 
compounds and fractions listed in this 
paper were not corrected to standard 
pressure. The average barometer read- 
ing at the laboratory where this work 
was performed is 635 mm. Hg. 


Equipment, Methods and 
Compounds 


Equipment. The following equipment 
was used in this investigation: a pre- 
cision rectification column, a Corad con- 
stant reflux ratio condenser, a graduated 
water-cooled receiver, a Harvard-type 
triple-beam balance, a mercury-filled L’- 
type manometer, round bottom glass dis- 
tilling flasks with side arms, a Valentine 
refractometer, a ceramic heater, Power- 
stats, glass stem mercury thermometers, 
and several 250-ml. separatory funnels. 

The column was constructed of three 
lengths of glass tubing arranged concen- 
trically and held in this position by strips 
of asbestos tape and glue. The inner 
tube, 33 mm. LD., was packed with 
%-in., stainless steel, Fenske packing. A 
thermometer was fastened to the outside 
of this tube near the center. The middle 
tube was wound with Nichrome wire to 
provide heat for the column. The 
amount of heat supplied was controlled 
by means of a Powerstat. The outside 
tube provided additional insulation and 
also protection for the Nichrome wind- 
ing. The over-all height of the column 
was 48 in. The height of the packing 
was 46% in. 
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Fig. 1. Azeotropic a of Toluene-Methylcyclohexane Mixture Using 


The Corad head was attached to the 
yp of the column by a 29/42 standard 
pered ground glass joint. 
as adjusted to give the desired reflux 
second thermometer was in 
measure vapor 
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rted im 


mperature 


the head to 


The head 


as Entrainer. 


18/9 ball joint to fit the manometer. 


The manometer was constructed of 
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Fig. 2. Non-Azeotropic Rectification of Toluene-Methylcyclohexane Mixture. 


Component 


Methyleycto 
heaane 
Methyleycle 
nesane 
Cycloherane 
Octane 
Ethylene 
Inchloride 


Ratrainer 


1 Propane 


TABLE 1 


2 Buteanone 


AZEOTROPIC DATA 
Ascot rope rope 

Weight Per Cent 


Boiling Point * ¢ Pressure 


mm 
Reference (5) Observed Observed Reference (5) Observed 
6a8 415 34.5 
724 6398 70 744 
Mao < 85 
105.5 ova 630.7 52.5 55.0 
80 65 6337 160 


The distilling flasks used were 1- and 
2-1. round bottom flasks with 35/25 
ground glass ball joints on the necks 
to fit the bottom of the column. Each 
flask also had a side arm ending in an. 


glass tubing bent in a LU shape. One 
end of the tube was left open to the 
atmosphere and the other connected to 
the side arm on the distilling flask. The 
manometer was approximately 12 in. 
high and was about half filled with 
mercury. 

The heater used consisted of Ni- 
chrome coils mounted on a ceramic base. 
By means of a second Powerstat the 
flow of heat was controlled. 

The Valentine refractometer was of 
the glass-prism type. The refractive in- 
dices were read at 2020.1°C., with 
the exception of the readings taken on 
mixtures of acetic acid and n-octane 
which were read at 30 + 0.1° C. 

The Powerstats were small autotrans- 
formers manufactured by Superior 
Electric Co. The maximum input was 
7% amp. at 110 v. The output ranged 
from 0 to 135 v. 


Methods 


1. Determination of Aseotropic Com 
positions. Composition of each azeotrope 
was obtained from the literature (5). 
A charge of this composition was pre- 
pared and distilled. Samples of the dis- 
tillate were taken until the refractive 
index became constant. Composition of 
the azeotrope was obtained from a plot 
of refractive index versus composition. 
This plot was made by determining the 
refractive index of several samples of 
known composition. In order to check 
the experimental value, a new charge 
was prepared using the experimental 
value of the azeotropic composition. 
This charge was distilled and samples 
of the distillate were taken until the re- 
fractive index became constant. In alli 
cases this composition agreed with the 
original experimental value of the azco- 
tropic composition. In order to use this 
method on the acetic acid—n-octane 
azeotrope, it was necessary to determine 
the refractive index at 30°C. At 20°C 
the samples were two phase and could 
not be analyzed by refractive index. 
However, at 30°C 
single phase. 
in Table 1. 


the samples were all 
Azeotropic data are given 


2. Preparation of Charges for Aszeo- 
tropic Runs. Charges were made up on 
a weight basis. Due to operational 
holdup of the column it was found neces- 
sary to make up the charge so that there 
was at least 120 g. of the less volatile 
component. The smallest charge used 
was 300 g. of components exclusive of 
entrainer in all cases except those runs 
containing only 10 per cent toluene. The 
amount of entrainer added was depen 
dent upon the amount of azeotrope 
former present in the original mixture. 
In all cases a two-gram excess of en- 
trammer was added to insure complete 
removal 


| 
| VAPOR TURE 
>: 

| varon i 

3.) 

4 

| g 
| 
i | 
| 

‘ 
Acetone i 
Acetic Acid 

1 Prepanol 

oes Page 284 CHEMICAL ENGINEERING PROGRESS June, 1950 


For a charge of 10 per cent toluene 
and 90 per cent methylcyclohexane, the 
size of the charge, 120 g. of toluene and 
1080 g. of methylcyclohexane plus the 
necessary amount of entrainer, became 
too large for the still pots available. 
Since 120 g. of toluene represented the 
minimum amount necessary to take care 
of column holdup and drive off com- 
pletely the azeotrope, a chaser was intro- 
duced. Use of a chaser permitted cut- 
ting the charge to a size suitable for 
proper handling. Cumene the 
chaser employed because it forms no 
azeotrope with toluene, methylcyclohex- 
ane, or 1-propanol and the break in the 
distillation curve between cumene and 
toluene is sharp. The size of the charge, 
using a chaser, could be cut to 50 g. 
of toluene, 450 g. of methyleyclohexane, 
150 g. of cumene plus the required 
amount of entrainer. 


3. Aseotropic Runs. After drying the 
column by passing compressed air 
through it, the charge was placed in the 
distilling flask and the flask attached to 
the column. The manometer was at- 
tached to the side arm of the distilling 
flask. The heater and the Nichrome 
winding on the column were attached to 
the Powerstats and the power turned 
on. To insure complete wetting of the 
packing the column was allowed to flood. 
After flooding, the Powerstat connected 
to the heater was adjusted until the 
pressure drop across the packing was 
15+1 mm. Hg. This pressure drop 
was equal to approximately 80 per cent 
of the pressure drop at the flooding 
point and was so maintained for all of 
the runs. The Powerstat connected to 
the column winding was adjusted until 
the thermometer on the column showed 
a temperature approximately 10° C. 
above that of the overhead vapor. The 
column was then allowed to run at total 
reflux until the vapor temperature be- 
came constant, usually about one hour. 

The initial vapor temperature was 
noted and the distillate was allowed to 
pass into the cold receiver. The temper- 
ature was recorded every 5 mil. until the 
boiling point of the azeotropic mixture 
at the atmospheric pressure of this la- 
boratory (about 635 mm.) was reached; 
at this time the first sample was taken. 
Comparatively large samples were taken 
until all the azeotropic mixture was re- 
moved. During the transition from 
azeotrope to less volatile component, the 
samples were reduced in order that the 
distillation curve might be defined more 
accurately. Larger samples were again 
taken after the transition until the 
charge was nearly exhausted from the 
distilling flask. 

Each sample was weighed and the 
refractive index determined. Next, the 
samples were placed in separatory fun- 
nels and washed with distilled water un- 
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Fig. 3. Effect of Charge Composi 
in Toluene-Methy 


til all of the entrainer was removed. 
They were then placed over calcium 
chloride and allowed to dry. After dry- 
ing, the refractive index of each sample 
was determined again and this value was 
used in Figures 1 and 2. 

The column was allowed to drain 
back into the distilling flask and, after 
cooling, the flask was removed. The bot- 
toms were weighed and the refractive 
index of the bottoms determined. The 


TABLE 2 


of Recovery of More Volatile Component 
Icyclohexane-1-Propanol System. 


static holdup was found to be abow 
5 g. 

Data tabulated in Tables 2 and 3 were 
plotted as weight per cent distilled versus 
vapor temperature and also as weight 
per cent distilled versus midpoints of the 
refractive index steps. Figure | ( Azeo- 
tropic Rectification of Toluene-Methyl- 
cyclohexane Mixture Using 1-Propanol 
As Entrainer) is an example for an 
azeotropic run. It is taken from Run 11, 


RESULTS FROM SYSTEM TOLUENE METHYLCYCLOHEXANE.1-PROPANOL 


Charge Compositions, Reflux Ratios and Recoveries for Azeotropic Runs 
» Propy! Aleohol as Entrainer 


Charge Composition 
Weight Per Cent 


Methyicyclo 
Run No Toluene hexane 
1 eo 20 
2 ao 20 
3 80 20 
4 &O 20 
5 70 30 
6 70 
7 70 30 
70 30 
60 40 
10 60 40 
11 60 40 
12 60 40 
13 50 50 
4 50 50 
15 50 50 
16 50 50 
17 40 ao 
16 40 60 
19 40 60 
20 40 60 
21 30 70 
22 30 70 
23 30 70 
a4 380 70 
25 20 
26 20 a0 
27 20 
28 20 
29 10 90 
30 10 90 
10 


Weight Per Cent Recovery 


on Wt & 

Reflux Methyicyelo Wt. 
Ratio hexane Toluene 
5:1 S65 71.5 
10:1 54.2 
20:1 56.5 62 
80:1 58.5 90% 
5:1 70.4 
10:1 
20:1 
30:1 
5:1 724 
10:1 82.1 
20:1 86.5 
30:1 92.2 

5:1 

16:1 

20:1 

30:1 

5:1 

10:1 

20:1 

30:1 

16 7346 

10:1 60.5 #45 

20:1 

30:1 

5:1 75.6 

16:1 90.0 naa 

20:1 via 47.3 

30:1 92.5 915 

5:1 

10:1 a20 

20:1 92.0 874” 
i 
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TABLE A Table 2, and contained a charge consist- 
ing of 60 wt. % toluene, 40 wt. % 
methylcyclohexane, |-propanol as en- 
Compound Observed Literature Source trainer and was run at a reflux ratio of 


Refractive Index 


Methylcyclo 1.4235 1.4230 (2) Dow Chemical Co. 20 1. Per cent recoveries were deter 
hexane mined from these plots. 


Toluene 1.4965 1.4968 (2) J. T. Baker Chemical Co 
2- Butanone 1.3787 1. 3a07* (4) Shell Chemical Corp 4. Nonaseotropic Runs. Charges for 
Benzene 1.5010 1.5012 (2) General Chemical Co. the nonazeotropic runs were made in 
Cyclohe xane 1.4262 1.4262 (2) Shell Chemical Corp. exactly the same manner as for azeo- 
Acetone 1.3588 1.35887 (4) B. R. Elk & Co., Ine tropic runs with the exception that the 
Fuhvi-hensene 1.4958 1.4958 (2) —_, entrainer was omitted. The same column 
n-Octane 1.3979 = 1.3976 (2) Connecticut Hard Rubber Co. was used with the same reagents under 
Acetic Acid 1.3683 1.3718 (4) Merck & Company, Inc similar conditions. They were carried 
Dioxane 1.4224 1.4232 (4) Carbide and Carbon Chemicals Ut at only one reflux ratio, 20:1. A 
Corp chaser, cumene, was used for the runs 
oe, 14449 1.4443 Dow Chemical Co containing 10% toluene, 90% methyl- 
1- Propanol 1.3859 1.3854 (4 Eimer and Amend cyclohexane and 20% tojpene, 80% 
1 3916 14912 (2 Co methyleyclohexane. These data are 
tabulated in Table 4. 
* Observed at 15.9° C The same type of plots was made for 
t Observed at 194° ¢ the nonazeotropic runs as for the azeo- 
tropic runs. Figure 2 ( Nonazeotropic 
Rectification of Toluene-Methylcyclo- 
hexane mixture) is an example of a 
nonazeotropic run of 60 wt. % toluene, 
40 wt. % methylcyclohexane at a reflux 
ratio of 20:1, and is taken from Run 3, 
Table 4. 


Compounds. All the reagents used in 
this investigation were purified by frac- 
tionation. Only the fraction having a 
boiling range of +0.2° C. was used. 

See Table A. 


Sample Calculations 


These calculations are all based upon Run 
No. 11, Table 2—60 wt. % toluene, 40 wt 


% methyleyclohexane 


a. To determine amount of entrainer to 
add to charge 
Azeotrope composition 65.7 wt € 
methylcyclohexane, 34.3 wt. % 
propanol. Total weight of hydro- 
carbon charge 300 ¢ 
W ee Weight toluene (.60) (300) 
g 
Fig. 4. Data on Recovery of Less Volatile Component. W eight a yclohexane = (40) 
(300) 


(34.3) 
Weight 1-propanol (120) 
TABLE 95 RESULTS PROM SEVERAL AZEOTROPIC SYSTEMS plus 2 ¢ 64.6 2 

Weight Per Cent To determine weight per cent recov- 
Recovery ery of methylcyclohexane 
: Entrainer 99.5 Wt. © Purity From Figure 1 weight per cent dis- 
Methyt Methyl tilled at refractive index of 1.42500 
Toluene cyclohexane 2 Butanone Toluene cyclohe vane (9 wt. % methyicyclohexane) on 
a 20 -2 92.9 refractive index curve = 37.3 


60 ) one Refractive index curve exceeds 1.42500 
> 


beyond 37.3 wt. % distilled 
Weight per cent methylcyclohexane 
(0.373) (364.6) (65.7) 
120 


Heneene Cyclohexane 


recovered 
asa 
van 4/45 
— To determine weight per cent recov 
; From Figure 2 weight per cent dis- 
ee tilled at refractive index of 1.49600 
o14 (99.5 wt. % toluene) on refractive 
index curve = 578 
ho rite pane beyond 57.8 wt. % distilled 
~ 3 as 482 Weight per cent toluene recovered 
= 5 76.5 (1.00 — 0.578) (364.6) 


180 100 = 85.5 
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Results 


The generally accepted concept that 
in the separation of a binary mixture by 
Straight rectification, the greater the 
proportion of either component in the 
charge, the greater will be its recovery 
is borne out by the data listed in Table 4 
for nonazeotropic separations. In each 
of the three cases listed, the recovery of 
both the more or the less volatile com- 
ponent increases as its proportion in the 
charge is increased. 

In azeotropic distillation, the results 
obtained do not follow this generality. 
The more volatile component shows a 
similar relationship between recovery 
and its proportion in the charge but the 
recovery of the less volatile component 
appears to be independent of charge 
composition. Data from Table 2 have 
been plotted to yield Figures 3 and 4. 
Figure 3 shows the effect of charge com- 
position on the recovery of the more 
volatile component in the system toluene- 
methyleyclohexane-l-propanol. Recov- 
ery of the more volatile component, 
methylcyclohexane, decreases as its pro- 
portion in the charge is decreased. The 
effect of reflux ratio is merely to reduce 
recovery as the reflux ratio is reduced. 
While the purity of the methyleyclohex- 
ane is higher and the recovery substan- 
tially greater in the azeotropic runs than 
in the nonazeotropic, the effect of both 
charge composition and reflux ratio is 
exactly the same as would be obtained in 
nonazeotropic distillation 

Figure 4 presents the data, also taken 
from Table 2, on the recovery of the less 
volatile component for this system. Here 
the recovery of the toluene is virtually 
independent of its quantity in the charge 
The higher the reflux ratio, the greater 
the recovery obtained as might be ex- 
pected from analogy with nonazeotropic 
distillations. The constant recovery of 
toluene, regardless of its proportion in 
the charge, is contrary to any experience 
obtained with nonazeotropic separations 
and must be unique 
characteristic of this azeotropic separa- 
tion. The increase in recovery by azeo- 
tropic distillation is very marked in this 
Figure 5 presents a graphical 
comparison of azeotropic and nonazeo- 


considered as a 


case 


tropic separation of this system 

When the charge contained less than 
50 wt. © toluene, the recovery of toluene 
by azeotropic distillation, even at 5:1 
reflux ratio, is greater than at 20:1 in 
nonazeotropic distillation. At reflux 
ratios of 10:1, 20:1, and 30:1 recovery 
in the azeotropic runs is substantially 
higher at all percentages of toluene 
charged. This is a feature of this en- 
trainer in this particular system only, 
for it has been shown that azeotropic 
distillation does not always give an im- 
provement over straight rectification 


(1). 
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Fig. 5. 


To expand further the study and to 
determine whether or not the phenom- 
enon noted for the system toluene- 
methyleyclohexane-1l-propanol was gen- 
erally applicable to all azeotropic sepa- 
rations, several systems representing a 
wide variety of compounds were investi- 
gated. This could be accomplished with 
considerably less data on each system 
and therefore only three compositions 
and one reflux ratio 20:1 were investi- 
gated for each system. 

The next system studied involved only 
a change in entrainer, substituting 
2-butanone, a ketone, for the alcohol 
l-propanol. Results of the same nature 
were obtained and are listed as Runs 1-3 
in Table 3. When separated by azeo- 
tropic distillation in a batch column, the 


weight per cent recovery of the toluene 
the less volatile component, is independ- 
ent of the per cent toluene in the charge. 
Recovery of the methyleyclohexane, the 
more volatile component, increased as 
the per cent of methylcyclohexane in the 
charge was increased. A comparison of 
the separation of this system, both azeo- 
tropically and nonazeotropically is given 
in Figure 6. 

The next system chosen, namely ben 
zene-cyclohexane with acetone as the 
entrainer was selected because benzen 
and cyclohexane form a binary azeotrog 
with each other and cannot, therefore 
be separated from each other by straigh 
rectification. For this reason, no dat 
on this pair are given in Table 4. Run 
4-6 in Table 3 show that the purity o 


TABLE 4-—CHARGE COMPOSITIONS AND RECOVERIES FOR 
NON-AZEOTROPIC RUNS 


Charge Composition 
Weight Per Cent 


Methyleyelo 
Toluene hexane 
ao 20 
70 30 
ao a0 
50 so 
ao 60 
a0 70 
20 ane 


10 90 


Benzene Cyclohexane 
Ethy! 
benrene n Octane 
ao 20 
60 ao 
40 


Ethylene 
Dioxane Dichloride 
ao 20 
60 an 
ao “oOo 


Weight Per Cent Recovery 
Toluene Methyleyelohexane 


oo Wt. 
Purity 


We 
Parity 


0 
0 
0 
0 
0 


Benzene Cyclohexane separation impossible, 


areotrope forms between these two 


Octane 


Ethylene Dichloride 


“ Not 
50.0 Determined 


% 
| 
| 
| 
| 
| | 
‘d 
‘ 
‘ 
/ 
‘ 
| 
\ 
bee 
| 
i 
Ran No 
Purity 
1 17.5 
75.0 
8 73.4 
4 0.0 
5 
6 65.0 
23.0 
Ethy! 
ben rene 
73.1 
10 75.0 0 a7 5 
il 73.7 0 959 
Diexane 
12 65.3 
14 626 
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Fig. 6. 


the recovered product exceeds 99.5 wt.% 
amd that the weight per cent recovery 
f benzene, the less volatile component, 
independent of the per cent of benzene 
the original charge, while the recov 
volatile 
nponent, is dependent on its propor- 
m in the charge. Figure 7 shows only 
azeotropic recoveries since nonazeo- 
pic separation is not possible 
entrainer em 
separation Of #-octane 
om ethylbenzene. Runs 7-9 in Table 3 
ow that the purity of the recovered 
oducts and the recoveries when sepa- 
ted by distillation are in 
cord with the rest of the study. Re 
Its of the nonazeotropic separations 
e shown as Runs 9-11 in Table 4 and 
respond obtained for 
ethylcyclohexane-toluene. A compar- 
and nonazeotropic 
system -octane- 
hylbenzene is shown in Figure 8 
dioxane- 
hylene dichloride with |-propanol as 


vy of cyclohexane, the more 


Acetic was the 


loved in the 


azeotropic 


with those 


m Of azeotropiK 
mrations for the 
\ nonhvydrocarbon system 
» entrainer gave results that were sim 
r to the other systems reported. Table 
shows that the purity of the ethylene 
dichloride recovered exceeded 99.5 wt.%. 


The fact that the purity of ethylene di 
chloride obtained by nonazeotropic dis- 
tillation was approximately the same as 
that obtained by azeotropic distillation 
indicates that purity is not always en- 
hanced by azeotropic distillation. Figure 
9 presents a comparison between the 
azeotropic and nonazeotropic distilla 
tions for the system dioxane-ethylene 
dichloride 


Conclusions 


The conclusions may be 


drawn 


following 


1. Recovery of the less volatile compo- 
nent in the charge is independent of its 
per cent in the charge when the sepa- 
ration 1s made by azeotropic distilla 
thon 
Quantity at a given purity of the less 
volatile component is imcreased by 
azeotropic distillation 
Recovery of the more volatile com 
ponent m the charge is dependent on 
its per cent in the charge for both 
azeotropic and nonazeotropic distilla- 
tion 
Purity of the more volatile component 
in the charge is not always increased 
by azeotropic distillation but the 
quantity at a given purity recovered is 
increased 
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thors’ experiments have demonstrated 
the advantages of batch azeotropic dis- 
tillation over nonazeotropic batch distil- 
lation for a number of different systems. 
I note the authors’ initiative in verifying 
their original results for the system 
methyleyclohexane, toluene, and 1-pro- 
panol by experiments on a number of 
other systems. 

The effect of constant recovery of the 
less volatile components, independent of 
its percentage in the charge is an inter- 
esting one. It is believed that the reason 
for this constant recovery should be 
looked for in the interrelation of activ- 
ities and concentrations of the system. 
Until such a time as experimental re- 
sults are verified, by a study of these 
activities, it is believed that it may be 
unwise to extrapolate these conclusions 
to other types of systems. 

From a study of the paper, I gather 
that the authors used a constant com- 
position for this azeotropic binary sys- 
tem, independent of the concentration of 
the third component in the system. For 
instance, im the 
toluene, 1-propanol system, I believe 
they used the concentration of the 
binary azeotrope, methylcyclohexane and 
1-propanol, in calculating their percen- 
tage recovery on various toluene concen- 
trations added. Since the activities of 
both methyleyclohexane and propanol 
may be affected differently by the pres- 
ence of varying amounts of toluene, it 
is possible that the concentration of 
methylcyclohexane and 1-propanol in 
the ternary distillation might be differ- 
ent from the binary system concentra- 
tion. This would affect the calculated 
recovery. 

Has any attempt been made to study 
the activities of these systems, and to 
verify your experimental conclusions on 
that basis? Also, were any experimen- 
tal measurements taken of the actual 
ratios of methyleyclohexane to 1-pro- 
panol during the actual distillation runs ? 


Lloyd Berg: The answer to your 
first question is no. The data were not 
calculated in terms of activity coeffi- 
cients. Experimental data were worked 
up and plotted as we have shown on 
the Figures. 

For the second question ; the composi- 
tion of the azeotrope—consider the 
methyleyclohexane, 1-propanol azeo 
trope used in the first example. The 
composition is available in the literature 
at atmospheric pressure. It is well 
known that the composition of azeo- 
differs different 
Since we were working at a 


tropes somewhat at 
pressures 
pressure considerably different from at- 
mospheric, 635 mm. we had to determine 
the composition of the azeotrope at that 
pressure. In every case that has been 
done by making up mixtures. We are 
making up several mixtures, one which 
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‘ 
methyleyclohexane, 


was richer in methylcyclohexane than 
the literature value, and one which was 
leaner than the literature value. These 
mixtures are put in a precision column 
and rectified and the composition of the 
overhead determined. Then we plot the 
change of the overhead composition 
with regard to the bottoms versus the 
composition of the charge, and connect 
ing the pbints—provided of course that 
one changes one way and one changes 
the other-—where the line passes through 
zero deviation, we believe that to be the 
true azeotrope composition. We then 
made up that charge and put it in the 
column, and in every case, it turned out 
that we obtained the same overhead com- 
position as bottoms. In that way, we 
established the composition of the azeo- 
trope before we went ahead and made 
up our charge compositions for these 
runs. 

In the distillation, the first overhead 
is the azeotrope, and we determined in 
every case that what we were getting in 
the first part of the runs was this azeo- 
tropic composition which we had prev- 
iously determined. We never noticed 
that the effect of toluene would be to 
change the azeotrope composition. That 
is, we would never get a different azeo- 
trope composition when we rectified 
from a mixture containing it and toluene 
than when we rectified it alone. 


J. S. Walton (Oregon State College, 
Corvallis, Ore.) : I'm sure that my sen- 
iors would be helped, and I'm not sure 
some of the rest of us would not be 
helped, if the authors and authorities in 
these fields would be a little more spe- 
cific and exact in defining what is meant 
by azeotropic distillation, extractive dis- 
tillation, distillation of azeotropes, ete. 
Some authorities choose to consider all 
these operations as being separate. 
Others treat them as variations of the 
general behavior of a system, wherein 
the activity coefficients are changed by 
the addition of the entrainer. I suggest 
that future authors be precise in defini- 
tions, and I'm sure that it will help the 
reader in the field of these investiga- 
tions if all of us know exactly what is 
meant when the author discusses azeo 
tropic distillation, extractive distillation, 
ete. 


M. J. P. Bogart (Lummus Co., New 
York, N. Y.): Have you been able to 
rule out the possibility that the poorer 
recovery in nonazeotropic distillation is 
due to the difference in the holdup in 
the column of the residual amounts of 
either component going overhead? In 
the case of azeotropic distillation the 
entrainer present may help to clear the 
column of those last few drops of either 
the heavy or the light component, which- 
ever is being distilled off at the time. 
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Lioyd Berg: | don't believe the en- 
tire difference could be assigned to the 
effect of holdup because the amount of 
improvement compared with the amount 
of the charge is enough so that factor 
alone could not account for it. The 
charges in every case amounted to at 
least 500 mm. The operating holdup of 
the column is about 100 ml. and the 
static holdup is about 20 ml. The larger 
charges are as high as 1500 ml. and the 
per cent differences between azeotropic 
and nonazeotropic runs are, | believe, 
sufficient so that the change couldn't be 
accounted for solely on the basis of the 
diluting effect of the entrainer. 


Afionymous: Have you taken into 
consideration the possible effect of the 
slight amount of excess of azeotropic 
former that he uses? He uses about 2% 
excess azeotrope former. We have found 
in less efficient distillations, that you 
distill over-all mixtures of azeotropes im 
your more 
azeotropic former. Therefore, you'r 
bleeding the azeotropic former befor 
you have removed all your nonaromati 
hydrocarbons, and I think this migh 
affect the recovery of not only the mor 
volatile component, but also of the other 


Lloyd Berg: The effect of exces 
entrainer was something to which w 
gave a great deal of consideration. It 
making up the charges, it is obvious tha 
one can't have it exactly correct; tha 
is, that you're going to make some sligh 
error. We had to decide which way t 
err. At first we thought to make thes 
charges with a constant per cent exces 
of entrainer, say 2%. The quantity o 
the charge had to be varied somewhal 
because when the charge is to contai 
only 10% of the less volatile constituer 
and the static holdup is 100 ml. i 
means that you had to have at leas 
150 mm. of the less volatile componen 
If that is only 10% of the charge with 
out the entrainer, it builds up to a bi 
charge. Therefore, if we were to us 


a constant per cent excess of entrainer,™ 


it would be a large amount of entrainer. 
We decided against that method. The 
amount of material that had been prev- 
iously distilled through the column be- 
fore we reached the break would not 
make any difference as far as the oper- 
ation of the column was concerned. We 
decided we would always use a constant 
quantity of entrainer rather than a con- 
stant per cent of entramer so that the 
effect of excess entrainer would be the 
same in every break; that is, the break 
from the azeotrope over to the zeotrope 
The effect of the excess should be the 
same because the quantity of the en- 
trainer in excess was always the same. 


(Presented at Tenth Regional Meet 
ing, Los Angeles, Calif.) 


volatile components, and, 


| 
t 
| 
| 
t 


eactant concentrations. 


I is not necessary to argue the propo- 
sition that continuous operations are 
chemical 


ever-increasing importance in 
industries. Con- 
ant improvements in automatic control 
hniques and instrumentation are 


eadily widening the range of applica 


pr ocess 


and ever 
sing labor costs are inherently effect- 
g an increasing need for greater pro 
activity per 


m of continuous processing 


employee. onsequently 
there is a strong meentive for manage 
ment to going continuous” 
wherever technically feasible 

In view of this industry-wide trend, 
process and equipment design for con 
tinuous Operation is one of the most im 
portant and frequent tasks of the chem 
teal engineer. It is with this in mind 
that the present paper is offered as an 
aid in 


consider 


attacking problems involving 
either the initial design of continuous 
stirred-tank the hatch-to- 


continuous conversion of existing reac- 


reactors of 


tors. More specifically, the paper seeks 
to (1) extend previously published 
theory on the design of continuous 


stirred-tank reaction systems for homo- 
geneous liquid-phase reactions, and (2) 
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CONTINUOUS FLOW STIRRED-TANK 
REACTOR SYSTEMS 


1. Design Equations for Homogeneous Liquid Phase Reactions. 


Experimental Data 


JOHN W. ELDRIDGE’ and EDGAR L. PIRET 


University of Minnesota, Minneapolis, Minnesota 


Theoretical equations for the performance of a series of continuous flow 
reaction vessels having uniform mixing have been extended to higher 
rder unidirectional reactions and to reversible, consecutive and simul- 
aneous reactions. A convenient graphical method has been devised to 
olve the design equations. Computed curves are presented for the solu- 
ion of the important case of second-order reactions with unequivalent 


xperimental data on one to five reactors in series are shown to agree 
ell with the predicted degree of completion. 


present experimental data on a first-or- 
der reaction, viz., the hydrolysis of 
acetic anhydride, carried out in such a 
system, comparing observed and theoret- 
ical results, 


Previously Published Theory 


Several investigators (4, 7, 9, 11, 13) 
have offered variations on the deriva- 
tion of the purging-time equation for a 
system of continuous mixing 
connected in series. The most general 
is that of Kirillov (717), whose equation 


vessels 
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which, for the case when the initial con- 
centration, 4, equals zero in each vessel, 
reduces to 


(2) 
] 


Mac Mullin and Weber (73) were the 
first to extend the mathematical analysts 
to the problem of homogeneous chemical 
reactions being carried out continuously 
in a series of stirred-tank reactors ( Fig. 
1). They derived the steady-state de- 
sign equations for the cases of first- 
order reactions and of second- and third- 
order reactions with equivalent reactant 
(Table 1). These anu- 
thors placed considerable stress on the 
comparative efficiency or 
per unit 
continuous vs 


concentrations 


productivity 
volume obtainable in 
batch operation A 
graphical method has been recently sug- 
gested by Tiller (179%) to solve the tele- 
scopic functions used by Mac Mullin and 
Weber (13) in the preparation of their 
tables. 

Kirillov (77) extended the analysis 
for first-order reactions to include the 
transient starting-up period as well as 


reactor 


the steady-state condition of operation. 
He offered another derivation of the de- 
sign and third- 
order reactions with equivalent reactant 
concentrations, and derived the 
steady-state equation for the case of two 
consecutive first-order reactions (Table 
1). In a second paper (12), Kirillov 
presented some experimental data sup- 
porting his equation for purging im a 


equations for second 


also 
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Homogeneous Liquid-Phase Reactions with Negligible Volume Change 


tional Reac 


Uni. 


“ic 


a 
tion - Design Equation for nth Reactor in Comments. 
ac n-1 ac a Generic design equation froa which 
&, 19 | the following are derived. 
General equation suggested, vis., 
Zero Order k oR 
a) General equation suggested, vis., 
— ka, 21 (eke) 


Graphical stepwise solution 
Suggested. 


Second Order, Unequivalent 


Concentrations 
A*B(in excess) + 


23 Graphical stepwise solution 
suggested. 


Third Order, Equivalent 
Concentretions 


Graphical stepwise solution 
suggested. 


k a, 


4 
1 


25 


Graphical stepwise solution 
suggested. 


2a*B(in excess) 2R 


*, 
k a? (B' + 


26 | suggested. 


Graphical stepwise solution 


> 
A*2B(in excess )~+ 


ka, 20)" 


27 Graphical stepwise solution 


suggested. (b, - 2a.) 


B. Reversible Reactions 


Eq-| Method for n Identical Reactors 


tion Design Bquation for ath esctor | 
(hy Kg) kya, ele fk, + - 20 | 28 solution 
(ga, + a, - 1+ 20 29 | Graphical etepwine solution 
20 a, - ke(a, - @, | 30 Grephieal solution 
ka, ke(a, - 2)" © Le | 3 Graphical etepeise solution 
A*B (in excess) * 2c nya, J] Le [ey (Bre, 35 solution 


(2) 
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system of seven vessels, and also, his 
equations for first- and second-order re- 
actions in a single continuous reactor. 

Denbigh (4) discussed the compar- 
ison of output per unit volume of re- 
action space in batch and continuous 


for a gi 
reactors 
increase 


stirred-tank reactors, and pointed out 
that the greatest over-all productivity 


ven total volume of continuous 
is obtained when the reactors 
in volume from the first, for all 


reactions of order greater than unity. 


He also considered the problem of the 
comparative yields of useful product ob- 
tainable by batch and continuous oper- 
ation in the case of competing reactions, 
and showed that this yield is controllable 
to some extent by choice of a batch or 
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TABLE 2, DESIGN BQUATIONS FOR CONTINUOUS STIRRED-TANK REACTORS 
Concentrations 
a ak key as, 
or A*B + aR 
or A+Bec + 
A+Be¢C 
ig 
in excess ee 
| 
8 
—— 
= — 
| 
2 
oS 2 


TABLE 1. (Continued) 


Sisultaneous Reactions 


Reactions 


Design Equation for nth Reactor 


orn ca 
in Series, end Comments 


actors 


A+ (1) 


(ky + ky) 


Generel equation suggested, viz., 


(ky + kaa.) 


Graphical stepwise solution 
suggested. 


aR (1) 
24 ¥S (2) 


(ky * Ky) 


(ky + kg) 


Graphical stepwise solution 
suggested. 


A + Blin excess) + 
A + B(in excess) 


(1) 
(2) 


(ky kg) (EB 


reactent 
of interest 


If is 


Kab.) 


—-4 


Graphical stepwise lution 
suggested. If concentrations 
of A and B were equivalent, 
Ey. (39) would then apply. 


Le (ky + ky b,) 


5 


a 
n 


Algebraic stepwise solution 
suggested. 


Bis 
reactant 
of interest 


b 
ml. 
lek, Oa 
nn 


xk 


Algebraic stepwise solution 


suggested. 


i 
; 


of interest 


Kab.) 


n-1 
le (kya, kab.) 


Algebraic stepwise solution 


suggested 


Algebraic stepwise lution 


suggested 


(kd, 


a 
n-1 
*le + Kec.) 


n 


Algebraic stepwise 
suggested 


solution 


Ke 


Algebreic stepwise solution 
suggested, 


and 


the 


continuots system 


continuous system, by 
volumes of the « 
the In 
bieh derived 


the kinetics of 


Teecut 
later 
the 


ste 


series 


state 


wis 


ve 
papet 


equations 


so, withm a 


the 


m 


ratw ot 
reactors 
Den 
describing 


polvmeriza 


cussion of 


being 


thon m a single continuous stirred-tank 
reactor, and in his most recent contribu- 
tion (0), he presented 
the 


carned 


a general <is- 
properties of 
out 
stirred-tank reactors 


reactions 
continuously = im 


Stead, Page, and 
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Denbigh (78) described an experimental 
method tor the determination of reaction 
velocity constants 
stirred-tank reactor 


In a 


Using a contmuous 


flow 
(14), 


on contmucis 


Mac Mullin and Weber 


processes 
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TABLE 1. (Continued) 
Consecutive Reactions 


Reactions - Design Bqustion for nth Resctor | 
General equation suggested, vis., 
Referring to A 4, Lek, 2. 
solution 
at Algeb stepwise salution 
a 
leferring to : 
ae and B respectively. 
~ rai lution 
Referring to D Ky 1 ted 
Graphical stepwise solution 
43 Algebraic stepwise solution 
Referring to D ~Ke ec, x Su suggested. 


By. (47) applies. 


Referring to D ~ 56 Algebraic stepwise solution 
Se | to By. (52) applies. 
or (mat be kya, (Eee) =le ky 57 | Algetraic stepwise solution 
8 
Referring to E Bo | Algebraic stepwise solution 
suggested 


Olsen and Lyons (16), and Brothman, 
Wollan and 2 


Feldman (2) discussed 
some advantages and disadvantages of 
butch operation compared with continu- 
stirred-tank reac- 


tors. The latter group of authors also 


ous operation using 
presented design equations for a series 
of continuous reactors of the draft-tube 
type, in which internal recirculation is 
highly channelized. These equations ap- 
ply also to a continuous pipe-line or 
tubular reactor in which part of the flow 
is recycled 

MacMullin (175) 
pointed out that batch operation and 
continuous operation stirred-tank 
reactors lead to different distributions of 
reaction products in the case of consecu- 
He illustrated the point 


In a recent paper, 


with 


tive reactions 
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with some calculations on the chlorina- 
tion of benzene. 


Design Equations 


Consider a homogeneous liquid-phase 
reaction being carried out continuously 
in a system of reaction vessels connected 
in series, so that the effluent from the 
first reactor is the feed to the second, 
the effluent from the second the feed to 
the third, and so on, as illustrated sche 
matically in Figure 1. These reactors 
could, of course, be compartments within 
a single vessel. Each reactor is equipped 
with an agitator which provides essen- 
tially homogeneous mixing, thus main- 
taining the reactant concentrations uni- 
form throughout the vessel. The effluent 
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from any reactor, then, has the same 
composition as the contents of that re- 
actor. A material balance over the nth 
reactor in the system, with respect to 
any one reactant, under steady-state con- 
ditions, results in the following general 
design equation, applicable to any re- 


action. 
d( 
dt 
(3) 
where 
ar molar concentration of re- 
actant in (# — 1)th re- 
actor 
( molar concentration of re- 


actant in ath reactor 
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D. 
Referring to A 
4 
| 
| 


2 


A 


= 


eres 


3 n 


i 
Pig. 1. Continuous Stirred-Tank Reactors Operated in Series. 


rate of reaction of this re- 
actant in ath reactor in 
per unit volume 
per unit time 
volumetric effluent = rate 
from — 1)th reactor 
volumetric effluent rate 
from ath reactor 
volume occupied by reac- 
tion medium in ath ves- 
sel 


moles 


If any additional stream, e.g., recycle 
aterial or fresh reactant, is introduced, 
a portion of the total flow is with- 
awn as a side stream, at the ath re- 
tor, then the design equation must in- 
ude an additional term to take this into 
count, 1.¢., 


d( 
if. C,F, Cf. (3; 
(4) 


here 


t, molar. concentration of 

tant in side stream 
volumetric rate of side 
stream, to be taken as posi- 


reac- 
flow 
tive if the stream is entering 


system, and negative if it is 
leaving 


Equation (3), which the 


usual practice where no side stream is 
used, may be written in the form 


“dt J, Cy 


(5) 


represents 


where 


nominal holding time in 
the mth reactor 


or, since the volumetric flow rate is in- 


versely proportional to the density of 
the stream, p, then 


1 (3 
i 


In order to use Equation (5) or (6) 
for design calculations, the relationship 
between the density and the concentra- 


(6) 


be known for the 
particular feed composition to be used. 


thon must, of course 


Fortunately, it is the general case with 
liquid-phase reactions that the density 
changes occurring are relatively small, 
and when this condition exists the volu- 
metric rate of throughput, F, may be 
taken to be the same throughout the sys 
tem and equal to the feed rate to the 


first reactor. Equations (5) and (6) 


then become 


Conta 
7), 


Because of its importance, Equation (7) 
is used as the generic design equation in 
the following treatment. 

All the design equations given in 
Table 1 were obtained by substituting 
the rate of —(dC /dt),, ex- 
pressed as a function of the reactant 
concentrations for the particular type 
reaction in question, into Equation (7), 
the general material balance equation. 
It should be understood that an exactly 
analogous table could be compiled based 
on Equation (5) or (6) by making these 
same substitutions for —(dC/dt), in 
these equations. Thus the exact design 
equations for variable volume reactions 
are readily obtainable if needed. 


(7) 


reaction, 


As an illustration of the derivation of 
the equations of Table 1, consider the 
case of a second-order reaction in which 
the reactants are not present in stoichio- 
metrically equivalent 
Such a reaction may 
simply by 


concentrations. 
be represented 


A + Blin excess) ~ Reaction Products 


( ) ka, b, 


reaction velocity constant 
molar concentration of limiting 


Here 
(8) 


where 


reactant 4 in ath reactor 
molar concentration of nonlim- 
iting reactant B in ath re- 


actor 


The design equation may be written 
in terms of the concentration of either 
reactant 4 or B. Taking the limiting 
reactant, 4, as the one which is of par- 


| 


SECOND ORDER REACTIONS 
ONE REACTOR 


4 


8 10 12 4 
(k 


2 
Fig. 3. Second-Order Reactions with Unequivalent Concentrations. 


Fig. 2. Graphical Solution of Design 


Equation for Higher-Order Reactions. Degree 


completion vs. dimensionless group (/#.) for various 
per cents excess of nonlimiting reactant. 
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SECOND ORDER REACTIONS 
TWO REACTORS IN SERIES 


25 


(k 


Fig. 4. Second-Order Reactions with Unequivalent 


Concentrations. 


Degree of completion vs. dimensionless group (*é(.) 
for various per cents excess of nonlimiting reactant. 


ticular interest, Equation (7) then be- 
comes, for this case, 


= 14 


(9) 

b, may now be expressed in terms of 
a, by introducing E, the absolute excess 
(as distinguished from the per cent ex- 
concentration of B that 
equivalent to the concentration of A. 
Throughout the entire course of the re- 
action E is constant and equal to the 
absolute excess used in the feed to the 
system. Thus 


E . : - (10) 


above 


cess) 


where 


a, = molar concentration of limiting 
reactant A entering system 

b, = molar concentration of reactant 
B entering system 


Substituting for b, in Equation (9), the 
design equation for second-order reac- 
tions with unequivalent reactant concen- 
trations is obtained. 


Gy 4 


1+k@,(E +a,) (11) 


a, 
While many design equations of Table 
1 for more complex types of reaction, 
such as simultaneous, and 
consecutive reactions, themselves 
more complicated, nevertheless they are 
all obtained in the same straightforward 


reversible, 
are 


manner as the above example, viz., by 


substitution of the appropriate expres- 


sion tor —(dC/dt), for the rate of the 


reaction under consideration, referred to 
the reactant of interest, into the generic 


design equation, Equation (7). 


Application of Design Equations to n 
Reactors in Series. lf the holding time, 
6,, and/or the reaction velocity con- 
stant, &, from one reactor to the 
next, in a system of two or more vessels 
operated in series, then the application 
of the design equations of Table 1 must 


vary 
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be carried out stage by stage. However, 
in typical practice the reaction velocity 
constant is the same throughout the sys 
tem, and all the reactors are of the same 
size so that, under the condition of 
Equation (7) of negligible density 
change in the reacting medium, the hold- 
ing time is the same in each of the reac- 
tors, Le., 0; = =6,=86. It 
is with this system that the following 
discussion deals. 

In the cases of zero-order and first- 
order reactions general equations for the 
degree of completion, D,, for a series of 
reactors, may be derived from the design 
equations for the nth reactor. Thus, for 
zero-order reactions 


ké 


a, 


a, 


or, rearranging, 


Whence, 

a, — a, = nké 
Again rearranging, 

a, _ nké 


a a 


Since by definition 
a, 
D, =1-— 
dy 
the general design equation for D, for 
n reactors in series then becomes 


(16) 


For first-order reactions, Mac Mullin 
and Weber (13) have shown that the 
analogous equation for D, is 


D, = 


However, for higher-order reactions 
and for most reversible, simultaneous, 
and consecutive reactions, the design 
equations are not particularly convenient 
to write or to use as general expanded 


(17) 
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Fig. 5. Second-Order Reactions with Unequivalent 


Concentrations. 


Degree of completion vs. dimensionless group (h¢(.) 
for various per cents excess of nonlimiting reactant. 


expressions for » reactors. Consequently 
they are applied to a series of reactors 
by a stagewise operation, either alge- 
braic or graphical. The algebraic attack 
is self-evident, consisting’ simply of 
starting with the known values of the 
operating variables and the reactant con- 
centration in the feed to the first reactor, 
C,, solving the design equations (Table 
1) for the reactant concentration leav- 
ing the first reactor and entering the 
second reactor, C,, then using this value 
Cy, to solve the equation 
again, thus obtaining Cy, and so on to 
( the desired number of reactors 
in series. 

A simple and rapid graphical solution 
for any number of reactors in series can 
be used to advantage, especially for 
many of the more complex design equa- 
tions (see last column of Table 1). This 
procedure will be demonstrated for the 
case of second-order reactions with one 
reactant present in excess. The design 
equation here, for the mth reactor, is: 


of Cy as 


for 


(18) 


dy 

Using the given values of k&, @, and E, 
which all remain constant throughout a 
system of identical reactors, Equation 
(18) is plotted as a,_, vs. a, (Fig. 2). 
This requires no quadratic solutions as 
does the algebraic stepwise method, in 
which the equation must be repeatedly 
solved for a,. Rather, in this case, a 
series of arbitrary values of a, are 
chosen and the equation solved directly 
for the corresponding values of a,_ ;. 
These are plotted to form the operating 
line. The 45 diagonal line, Le., 
a, = a, 4, is then drawn in. 

Now starting at the value of the con- 
centration a, in the feed to the first re- 
actor, a horizontal line is drawn to the 
operating line, and from this point, ver- 
tical, then horizontal lines are alter- 
nately drawn between the operating line 
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if 
a, 1 — a, = ké (13) 
(14) 
= 
| 
| 


Four Reactors 
in Series 


Reactor 
Nos. De De 


«730s 
2-5 


TABLE 3. OPERATING DATA 


Reaction Feed Agitator Dissolving Total Acid 
Velocity Rate, F Speed Column Concentration 
Constant,k Length 


15.0%. 0.0806/min. 378.cc/min. 325. rpm 22. in. 0.216 N 


0.1580 582 0.143 
0.1580 395 5 0.137 
0.0567 555 0.108 
0.0567 490 > 0.052 
0.330 575 0.095 
0.380 0.0925 
0.380 0.187 
0.380 5 0.202 


CHEMICAL ENGINEERING PROGRESS 


ee Reactor Two Reactors Three Reactors Po Five Reactors 

z : Systen One Reactor in’ Series in Series in Series 

— 

Run No. [Reactor Reactor tor tor 

@ Nos. Do Hos. De Dy Nos. De DE 

258 | | 1-3 62-623 1-5 B07 806 

2275 «279 2-3 482 2-4 2636 2626 

2498 . 324 

| 1-2 0642-662 | 1-3 «796.805 

(189 153 | 1-2 | 0397 OZ | 576.575 

4 "186 157] 0280 0290) 3-5 

"187, 168 

2212 

1.209 | 1-2 | 1-3 .90 

é 1183 “shu | 2-3 1705 | | 28 

1.288 0557 2563 1-2 2805 2807 1-3 0915 . 

7 1.260 0560 «4558 2-3 1-4 960 2962 1-5 2986 983 

1.249 6563 «556 

1.380 583 580 | 1-2 .823 .821 | 1-3 .92h 

8 1.338 570 .572 | 819 .819 | 3-5 

1.369 2535 2578 

co 9 7.80 .862 .886 | 1-2 .989 .987 | 1-3 .996 .999 | 1-4 1.00 1.00 | 1-5 1.00 1.00 

Ho. 

2 

3 25.0 

4 10,0 
5 10.9 

. 

7 

9 40.9 
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SECOND ORDER REACTIONS 
FIVE REACTORS IN SERIES 


2 2 
SECOND ORDER REACTIONS 
FOUR REACTORS IN SERIES 
° 
5 is 7 25 5 3.5 


(kOC,) 


Fig. 6. Second-Order Reactions with Unequivalent 


Concentrations. 


and the 45° line (illustrated in Fig. 2), 
until the desired value of the effluent 
concentration, @,, is reached. Thus a,. 
and hence the degree of completion, D,. 
is readily obtained for any number of 
reactors, or vice versa. It can be seen 
that this graphical stepping-off process 
amounts to the repeated algebraic solv- 
ing of Equation (18) using the value of 
4, obtained in each solution as the value 
of a,_, in the subsequent solution. 
Moreover, this solution also presents im- 
mediately a graphical picture of the 
progress of the reaction along the series 
of reactors. 

Consider now the solution of the de- 
which the 


sign problem in quantity 
sought is the nominal holding time, @, 
from which is obtained either (1) the 


throughput capacity, F, of a given sys- 
tem of reactors at a specified degree of 
completion, D, or (2) the reactor vol- 
ume, |", necessary to obtain a certain de- 
gree of completion at a given rate of 
throughput with a given number of re- 
actors in series. When the nominal hold- 
ing time, @, is the unknown quantity, a 
trial-and-error solution is required, re- 
gardless of whether the algebraic or 
graphical method is used. In the graph- 
ical method, an estimated value of @ is 
used to plot the operating line, and the 
solution for the effluent concentration, 
4,, is carried out for the given number 
of reactors. Then by comparing this 
value of a, with that required by the 
values of D, specified in the problem, 


a better estimate of @ is made, 
from which a new operating line 
is plotted, and the new solution is 


stepped off. This process is repeated un- 
til the correct value of @ is indicated by 
the agreement of the value of D so ob- 
tained with the value stated by the 
problem. In those cases where E, the 
excess of the nonlimiting reactant, is the 
unknown quantity this same procedure 
is applicable. 
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Degree of completion vs. dimensionless group (ke.) 
for various per cents excess of nonlimiting reactant. 


Though this method of solving for @ 
or E involves trial and error and re- 
plotting of the curve, it is still far more 
rapid and less subject to time-consum- 
ing mistakes than the alternative trial- 
and-error application of the algebraic 
stepwise process for the same problem, 
in which for each estimated value of @ 
it is necessary to go through the whole 
series of quadratic solutions of the equa- 
tion to obtain a, for the specified value 
of the number of reactors. The advan- 
tage of the graphical method becomes 
greater as the number of reactors is 
increased. 

In the case of some of the more com- 
plex design equations for simultaneous 
and consecutive reactions, the graphical 
stepwise process just described is not 
applicable (see Table 1). The reasons 
become apparent in each case upon ex- 
amination of the nature of the design 
equations in question. There appears in 
these design equations a concentration 
term for a reactant other than the re- 
actant of interest, and this concentration 
term is not a constant throughout the 
system and also is not readily expressed 
in terms of the concentration of the re- 
actant of interest. To take a specific 
instance, in Equation (41), the term 
b, appears for the concentration of re- 
actant B in the ath vessel. This concen- 
tration has a different value in each re- 
actor. Consequently, it is not feasible to 
plot Equation (41) as a, vs. a, directly 
since the values of 6, for each reactor 
would first have to be calculated, and in 
doing this the corresponding values of 
a, would be obtained simultaneously in 
the stage-by-stage algebraic solution. 
Thus in this case, starting with the 
given values of the feed concentrations, 
a, and b,, the concentrations of both re- 
actants 4 and B leaving the first reactor 
are calculated, then these values are used 
to calculate the concentrations leaving 
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Fig. 7. Second-Order Reactions with Unequivalent 


Concentrations. 


Degree of completion vs. dimensionless group (bé(.) 
for various per cents excess of nonlimiting reactant. 


the second reactor, and so on in an alge- 
braic stepwise procedure. 

Methods presented here for the solu- 
tion of engineering design problems for 
reactions carried out continuously in 
stirred-tank systems are applicable to 
any homogeneous reaction system for 
which the mechanisms and the rates of 
the individual reactions are known. 
Complex reactions which are comprised 
of several simultaneous, reversible, or 
consecutive reactions may be treated in 
the same manner if the mechanisms and 
the velocity constants are known for 
those individual reactions which deter- 
mine the over-all rate. Conversely, 
laboratory continuous stirred-tank reac- 
tors should be useful in studying the 
mechanism of reactions. 


Special Case of Second-Order Reac4 
tions with Unequivalent Concentrations, 
The case of second-order reactiong 


where reactant concentrations are no 
stoichiometrically equivalent is of sucl 
practical importance that a graphical 
presentation of the design relationships 
is offered in Figures 3-7. These curves 
are analogous to those of MacMullin and 
Weber (13) for the case of equivalent 
reactant concentrations. Here the de- 
gree of completion, D,, is determined by 
the number of reactors in series, a, the 
dimensionless group (k@C,), and the 
amount of the excess of nonlimiting re- 
actant which is used. The per cent 
excess of the nonlimiting reactant in 
the feed to the first reactor, given 
by 100 E/C,, was chosen as a conven- 
ient and significant parameter to use in 
showing this latter effect in the graph- 
ical presentation. Thus Figure 5, for 
instance, clearly shows the effect of this 
per cent excess on the D, vs. (kOC,) 
curve for a system of three equal-volume 
reactors in series. Both D, and C, in 


these graphs refer to the limiting re- 
actant. 


WZ | 

| 

| 

A 


Fig. 8. Experimental Apparatus. 


Experimental 


A number of experiments were carried 
it where a was 
ed, viz., the hydrolysis of acetic an- 
viride, in order to compare the results 
tained with those predicted by theory 
ates of throughput, temperature level, 
dl therefor the reaction velocity con 
ant, and the number of vessels oper- 
el in series were varied 


first-order reaction 


Ipparatus. Five 1800 ce. Ace Glass high 
essure Pyrex autoclaves (Figs. 8, 9) are 
berated in series. The paddle agitator, 
iled by the ground glass bearing, C, di 
cts the liquid downward, and was rotated 
125 or at 325 rev./min. (Table 3). Baffles, 
, are placed inside the vessel, 4. Reaction 


solution entering through neck 4 is led to 
the bottom of the reactor by the feed tube, 
D (inside Diameter 3.5 mm.), and leaves 
at the top through neck 2. A mercurial 
thermoregulator, imserted through neck 1, 
operates, through a relay, a 250-watt infra 
red lamp directed on the side of the vessel 
to maintain a constant temperature (-.01° 
C.), registered on a thermometer in neck 3 
Cold water sprayed through a perforated 
ring just below the flange clamp and drained 
off into the funnel provides cooling when 
required. Thus individual temperature con 
trol is provided for each vessel 

\ 1-44-in. diameter dissolving column, 
either 4 in. or 22 in. long, depending on the 
feed rate and temperature being used, and 
packed with '4-in.-porcelain Raschig rings, 
provides solution and mixing of the acetic 
anhydride in the water to form a homogen 
eous teed to the first reactor 


Operating Procedure. The system is 
operated at constant temperature and flow 
rates for a period of at least fifteen times 
the holding time, @, before taking samples, 
to insure that the original contents, viz. 
either water or reacted solution from the 
previous run, have been purged (9, 7!) and 
steady-state concentrations attained in all 
reactors 

The analytical procedure of Caudri (3) 
and Vies (20) was used to determine the 
Steady-state concentrations of unreacted 
acetic anhydride im the feed to the system 
and in the effluent from each reactor. Total 
acid concentration (acetic acid plus acetic 
anhydride expressed as its equivalent in 
acetic acid) at steady state is the same 
throughout the system and is determined by 
collecting a sample of the effluent from the 
last reactor, allowing time for its complete 
hydrolysis, and titrating a weighed portion 
with 0.025-0.05 N. NaOH using phenol- 
phthalein as indicator. To determine the 
acetic anhydride concentrations, at the en- 
trance to the first reactor and at the exit 
of each reactor duplicate samples are with- 
drawn via three-way stopcocks into tared 
flasks containing 15 to 20 times the quantity 
of saturated aniline-water required to react 
with the sample. The anhydride rapidly 
acetylates the aniline, and the weighed sam- 
= are then titrated to determine the acetic 
acid. 


Results 


Experimental values of the degree of 
completion, D,, are calculated by the 
equation 


(59) 
( 


where C, and C, refer to the molar con- 
centrations of the acetic anhydride in 


25° 


Fig. 9. Diagram of Experimental Continuous 


Reactor. 
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Fig. 10. Comparison of Experimental Results with Theoretical 


Curves. 
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the effluent and in the feed stream. From 
the data of a single run, an independent 
value of D, for a single reactor may be 
calculated for each of the five reactors 
in the series (Table 2). Similarly, four 
independent values of D, for two re- 
actors in series are obtained by consider- 
ing the five reactors as consisting of 
four two-reactor systems, viz., 1-2, 2-3, 
3-4, and 4-5. Three values of D, for 
three-reactor systems, two for four- 
reactor systems, and one for five reac- 
tors in series are analogously obtained. 
Thus, D, for the three-vessel system 
comprised of reactors 2, 3, and 4, for 
example, is calculated by 
(60) 
where C, refers to the effluent from 
reactor 4 and C, to that from reactor 1, 
which is the feed to reactor 2. 
Theoretical degrees of completion, D,, 
are calculated by the equation 


D,=1- 
1 


(1 + 1+ kO,) . . (1 + 


(61) 


using the actual values of k@,, h@,, etc., 
employed in the run (1/3). The slight 
variation in (&@) from one reactor to 
another within the same experiment is 
due to the vessels having slightly differ- 
ent capacities, and hence holding times, 
6. Table 3 lists the important operating 
data for each run. The reaction velocity 
constants, &, at 10° C. and 15° C. were 
calculated by means of the Arrhenius 
equation, 
ky T,T, 
evaluating A from two values of & re- 
ported in the literature (3, 10, 17, 20), 
viz., be 0.0258 and = 0.1580. 
The value of & at 40° C., kyo 0.380, 
was determined by batch experiments, 
using the analytical procedure described 
above. From batch experiments at 
15° C. and 25° C., values of & were ob- 
tained which agreed with the known 
values within 0.3%. 

The averages, within each run, of the 
values of the experimental degree of 
completion, D,, for the systems of one, 
two, three, four and five reactors in 
series, are shown in Figure 10 along 
with the theoretically computed curves. 
In the case of Run No. 9, the points lie 
off-scale at a value k@ equals 7.8. The 
average per cent deviation of the ex- 
perimental values from those calculated 
by Equation (61) is only 04%. Re- 
sults obtained by Kirillov (72) for the 
continuous hydrolysis of methyl acetate 
in a single 250 cc. stirred round-bottom 
flask are also shown in Figure 10. 
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Experimental Results Discussed 


Using systems of from one to five 
continuous reactors operated in series, it 
has been shown that the experimental 
values of the degree of completion, D,, 
agree well with the theoretical values, 
D,, for a first-order reaction. The fact 
that Kirillov’s results, obtained with a 
different reaction in quite another type 
of reactor also agree with the theory, 
offers further evidence that continuous 
reaction systems may be correctly de- 
signed by use of the theoretical equa- 
tions. 

It is considered to be of some impor- 
tance that the intensity of agitation used, 
expressed on the basis of energy input 
per unit volume calculated either from 
the correlation of Hooker (&) or by the 
equation of White and Brenner (2/) 
is well below that encountered in typical 
commercial practice (7). Thus, the agi- 
tation required for the essentially homo- 
geneous mixing which was obtainable in 
the present work was not excessive. 


Notation 
A BCDE reactants and E 
abcde = molar concentrations of 
reactants 4,8,C,D, and 

E 

initial concentration in 
system, at time ¢ = 0, 
in Kirillov's equations 
constant in Arrhenius 

equation 
= molar concentration of 
component of interest 


rate of reaction of reac- 


tant of interest in 
moles per unit volume 
per unit time 

= degree of completion of a 
reaction, defined as 


oO 
Subscripts ¢ and ¢ re- 
fer to experimental and 
theoretical, respectively 


= absolute excess concen- 
tration of nonlimiting 
reactant over that equi- 
valent to limiting re- 
actant 
base of natural log- 
arithms 
= volumetric rate of flow 
specific reaction velocity 
constant 
number of vessels oper- 
ated in series 
products of reaction 
= number of moles of prod- 
ucts R and S, respec- 
tively 
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absolute temperature, 
= time 
vessel volume occupied 
by reaction medium 


= liquid density 


@=N/F nominal holding time in 
a single vessel. 


Subscripts: 


ath vessel 

(n — 1)th vessel 

feed to first vessel 

first, second, or third ves- 
sel, respectively 


Literature Cited 


Brothman, A., Weber, A. P., and Bar- 
ish, E. Z., Chem. & Met. Eng., ®, 
No. & 108 (1943). 

Brothman, A. Wollan, G. W., and 
Feldman, S. M., ibid., $2, No. 5, 126 
(1945). 

Caudri, J. F. M., Rec. trav. chim., 49,1 
(1990) 

Denbigh, K. G., Trans. Faraday Soc., 
40, 352 (1944). 

Denbigh, K. G., ébid., 43, 648 (1947) 

Denbigh, K. G., Hicks, M., and Page, 
F. M., Trans. Faraday Soc., 44, 479 
(1948) 

Ham, and Coe, H. S. Chem. 
Met. Eng., 19, 663 (1918). 

Hooker, Thomas, Chem. Eng. Prog- 
ress, 44, B33 (1948). 

Kandiner, H. J., Chem. Eng. Progress, 
44, 383 (1948). 

Kilpatrick, M., Jr., J. Am. Chem. 
$0, 2891 (1928) 

Kirillov, N. L., J. Applied Chem. (U.S 
S.R.), 13, 978 (1940) 

Kirillov, N. L., ébid., 18, 381 (1945). 

Mac Mullin, R. B., and Weber, M., Ir. 
Trans. Am. Inst. Chem. Engrs., 31, 
409 (1935) 

Mac Mullin, R. B., and Weber, M., Jr., 
Chem. & Met. Eng., $2. No. 5, 101 
(1945) 

Mac Mullin, R. B., Chem. Eng. Prog- 
ress, 44, 183 (1948) 

Olsen, J. F., and Lyons, E. J.. Chem 
& Met. Eng., $2, No. 5, 118 (1945) 

Rivett, A. C. D., and Sidgwick, N. V.. 
J ( hem Son London, 97, 732 
(1910) 

Stead, B., Page, F. M., and Denbigh, 
K. G., Discussions Faraday Soc., 
No. 2, 263 (1947). 

Tiller, F. M., Chem. Eng. Progress, 4, 
299 (1948). 

Vies, S. E., Rec. trav. chim., §2, 809 
(1933). 

White, A. M., and Brenner, E., Trans 
Am. Inst. Chem. Engrs., 3, 585 
(1934). 


This work was in part supported by funds 
granted by the Graduate School, Umversity 
of Minnesota. The assistance of the Engi- 
neering Experiment Station is also ac- 
know dedaed. 


(Presented at Forty-second Annual 
Meeting, Pittsburgh, Pa.) 


Page 299 


= 
124 
1, 
2. 7 
3. 
5. 
6. 
7. 
9. 
10 4 
: 
—{- 
13 
14. 
D 
— 
16. 
E: 18. 
19 
20. 
21. 
k 
n 
RS 
# 


KINETICS IN TUBULAR FLOW REACTOR 


HYDROGENATION OF ETHYLENE OVER 
COPPER-MAGNESIA CATALYST 


RAYMOND WYNKOOP? and RICHARD H. WILHELM 


Princeton University, Princeton, New Jersey 


The catalytic hydrogenation of ethylene over copper-magnesia catalyst 
was studied experimentally and theoretically as an example of the appli- 


ation of chemical kinetics to a continuous flow tubular reactor. 


Most 


xperiments were isothermal; a few experiments were permitted to 
ssume modest temperature variations. Experimental conditions were 
aried over the following ranges: hydrogen concentration: 32.6 to 95.2 
er cent; temperature: 9 to 79° C.; space velocity: 0.20 « 10~* to 32.0 
0-* total moles/(cc.)(sec.); catalyst particle size: 0.108 to 0.279 cm. 
iameter. Kinetic equations for the flow system were developed and the 
xperimental data were found to correspond to a first-order reaction with 
espect to hydrogen. The effect of temperature is expressed in the 


rrhenius equation as follows: 


k” = §960¢ 


13,320/RT 


he precision of measurement of the rate constant is discussed. Be- 
ause of small conversions, a high-precision analysis for hydrogen by 
eans of thermal conductivity cells was developed. An effect of reversi- 
le poisoning of the catalyst by water vapor was encountered. A discus- 
ion is presented of flow equations and precautions that must be used in 


heir development. 
ro 


HIS paper records an experimental 
study and theoretical kinetic analysis 

f the catalytic hydrogenation of ethyl 
v¢ conducted under essentially isother- 
val conditions in a flow-type tubular re- 
actor \ were per 
formed also in which modest tempera 


lew experiments 
ture grachents were permitted to develop 
Because of importance 
flow are of interest to 
the chemical engineer; because of the 
advantages of flow operation, this man- 
ner of conducting 


their imdustrial 


system reactions 


reactions mecreas 
ingly being utilized also by the student 
of theoretical chemistry. The present 
work was undertaken to study the spe- 
cifie variables of flow operation 
genation 


Hydro- 
reaction 
vehicle because it is representative of an 
important industrial 


considerable 


was chosen as the 


reaction step, be- 
history of static 
kinetic studies is available and because it 


appear ed to be 


catise a 


ut least superficially, one 


Hy- 


of the less complicated reactions 


Present 
pany (Ind) 


address: Standard Oj 
Inc, Whiting, Ind 


Com- 
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A mechanism for the hydrogenation reaction is 


drogenation of ethylene is strongly exo- 
thermic and it has for this reason also 
been chosen for concurrent 
under way in this laboratory on heat 
transfer in catalytic reactors. The pre- 
sent paper therefore provides an 


studies 


180- 
thermal kinetic background for quasi 
isothermal design analyses of the type 
discussed in a previous paper by Wil- 
helm, Johnson, Wynkoop and Collier 
(18). Results of these design studies 
with the present reaction will be pub- 
lished at a later date 

The hydrogenation of ethylene has 
been studied by many 
the past forty years. Grassi (4), and 
others (3, 5, 7-12, and 16), have stuched 
the kinetics of the reaction over various 
types of reduced catalysts in 
static systems. The number of investiga- 
tions of the hydrogenation of ethylene 
carried out on other catalysts, principally 
nickel, platinum, and palladium, is 
legion. Greenhalgh and Polanyi (5) 
have also studied the approximate rates 
of hydrogen exchange alone and during 


mvestigators im 


copper 
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ethylene hydrogenation reaction over 
reduced copper catalysts. Taylor and 
Burns (15), and Pease (8-9) have made 
adsorption measurements of the reac- 
tants and product on reduced copper 
catalysts. Liang (6) has studied the 
adsorption of nitrogen on the unreduced 
and reduced catalyst used in the present 
work, and he has also measured the ad- 
sorption of hydrogen on the reduced 
mass. The investigation of the kinetics 
of this reaction carried out in a flow 
system with reduced copper has not been 
reported previously. 


Development of Flow-System 
Kinetic Equations 


The procedure in developing a rate 
equation for this work was to assume on 
the basis of recorded adsorption meas 
urements the most probable types of 
adsorption equilibria for reactants and 
products on copper catalyst; the gases 
a time. Rate 
equations assuming surface reaction con- 


were to be taken one at 


trolling, and with surface concentrations 
in accord with the stated equilibria, were 
integrated for a flow reactor. The re- 
sulting equation was tested by means of 
experimental reaction measurements and 
conclusions were drawn regarding the 
tenability of the a priori assumptions. 
Experimental results permitted simplifi- 
cation of the regarding 
ethylene adsorption, and a revised, sim 
plified kinetic equation was developed 
accordingly. The present section deals 
with the derivation of the original 
kinetic equation. The section on “Re- 
sults” presents comparison with experi- 
ment. Readers who are interested pri- 
marily in the final kinetic expression are 
referred to Equations (34) and (35). 

From measurements of adsorption by 
Taylor and Burns (75), and from 
measurements of adsorption and reac- 
tion rate on copper catalysts (8-9), it 
has been shown that active copper ad- 


assumptions 


June, 1950 


é 
Ages 
1 
|_| 
4 


sorbs ethylene in much greater amounts 
than hydrogen at room temperature. If 
it is assumed that possibly the sites 
which adsorb the hydrogen and ethylene 
are not of the same type, or at least non- 
competitive, and that the reaction is a 
bimolecular surface reaction involving 
adsorbed reactants one can proceed with 
the development of a kinetic equation 
which later will be subjected to experi- 
mental verification. The reaction is: 


H, + C,H, > CoH, 
(1) 


and the rate of the surface reaction may 
be written : 


di Ny ) 
- (2) 
Where 
N = moles/sec. of gas flowing in re- 
actor at any point 
I’ = volume of reactor in ce. 


d = differential operator 
fraction of available catalyst 
surface covered 
k’ = specific reaction rate constant; 
g. moles/(sec.) (cc. of cata- 
lyst chamber ) 
y = mole fraction in gas phase 


Subscripts 


a reters to hydrogen 

6 reters to ethylene 

¢ refers to ethane 

i refers to inlet conditions of reactor 
© reters to outlet conditions of reactor 


Further, because of the relative adsorp- 
tions, one may try Langmuir isotherms 
of the following forms: 


6, (3) 
0, = (4 
1+ 
Where 
b = an adsorption equilibrium con- 
stant 


= = total pressure in atmospheres 
Thus Equation (2) becomes : 
d( Ny.) 
It is well to emphasize, before proceed- 


ing with integration, the assumptions 
which Equation (5) implies. These are: 


(5) 


a. Hydrogen and ethylene are adsorbed 
independently on the catalyst surface, 
or it not independently, only a small 
number of the sites available for ad- 
sorption are covered 

b. Hydrogen is not greatly adsorbed by 
the catalyst. 

c. Ethylene is moderately adsorbed by 
the catalyst 

d. Adsorption of ethane is so minute as 
to be unimportant 

e. A Langmuir-type isotherm describes 
both the adsorption of hydrogen and 
ethylene. 


With the additional restriction of no 
ethane in the feed gas, one can proceed 
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to integrate Equation (5) isothermally 
in terms of y,, the variable which is 
measured experimentally. 

Referring to Equation (1) it follows 
that 


— You, 


Ya Ye 
(13) 


Combine (12) and (13): 


Ni — Yo) 
Ny, = 14 
= 1) (6) l—v, 
and also e 
Equation (5) may be rearranged: 
Ny +N, = Noy = Ni 
(7) i 
M+N, (8) fake substitutions in (15) indicated by 
(11) and (14): 
N, dy, 
dl (Ja 1) (1—y,)? — Ye 
Equation (16) may be split into two integrals, J and J]. Solving /, 
Ne 
V (1 — — + No 
Equation (17) is of the form: 
(1—yei) A B Cc D- 
(a by,) (a — (e — f¥q) 
(18) 
Solving by the procedure of rational fractions one obtains : 
1 Vai Veo 1 + VaiYeo 
1 — Veo 1 — vo 1 — 1 — + 
_ Seo (19) 
2 Ves Yat 
The following three substitutions wd 


Dividing through (8) by N the follow- 
ing is obtained : 


N, — (9) 
Ni, +N, Vp + Ve 
By definition 
Yet Mt = 1 (10) 


From (8), (9) and (10) equations in 
and and y, are: 


Voie + 1 — 


(11) 
Voi Ve 

12 

Ve (le) 


A hydrogen balance across the reactor 
and the use of Equation (10) lead to: 


next made: 


= (N/V), moles 


(a) Space velocity 
(20) 


feed/(sec.) (cc. catalyst) 
(b) Ay Yer — Yeo (note that this is the 


reverse of a mathematical delta) " 
(21) 


(c) For small conversions that were an- 
ticipated experimentally in this work 
the logarithmic terms in Equation 
(19) have values close to 1.0 and the 
first term of the logarithmic expan- 
sions may be used, Inu u—1. The 
following simplified integral for / is 
thereupon obtained : 


Say 


22 


Considering integral J] (right-hand de- 
nominator of right side of Equation 
(16)) 


1 N, dy, 
(1 — ¥qi) — Ye)? 
Integrating, 
1 N, Yai ~ Yao (1 Yao) Yat 
= +1 (24 
V (1 — (1 — Yeo) (1 — es) Yeo 
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a 
if 


it 


U 


reduced CuO -220° 


Pd asbestos -'70° 


‘tin 
traps 


reactor p 


+ 


-60° 


traveling couple 


thermal cells 


constant temperature bath 


deo xo unit - 50° 
alymine 


Equation (24) is an exact solution. 
Noting the definitions of (20) and (21) 
and the logarithmic approximation 
when applied to (24) the following is 
obtained 
Say 
Il = (25) 
wy(l—y) 

Putting 


neans otf 


(25) and (22) together by 
(16), the final integrated ex 
ression is obtained in its approximate 
orm for low conversions : 


wy(l—y) 


Say 
+ Hb, 
(26) 


Equation (26), if the assumptions which 
underlie it are correct, should describe 
the isothermal kinetics of ethylene hy 
drogenation in a flow reactor with no 
ethane in the feed. 

For a derivation of the general case 
of ethane originally present in the feed, 
the equations are considerably more dif- 
ficult to develop. Their rational develop- 
ment depends upon procedures similar to 
Equations (1)-(26). The final exact 
solution is as follows: 


Brown recorder 


LAN type 


For 


Yai 


small conversions, i.e.. when 
Yeo Equation (27) reduces to: 
Say —SAy 

(1 — Yai) Vai oi 


+ k’b, (28) 


Voi) Voi 


The choice of inlet concentrations as a 
basis in this equation is arbitrary, ex- 
cept for the term ,,, but it serves to 
demonstrate that if vy, = 0 then y,,; = 
(1 — ya) and thus (28) degenerates to 
(26). 


E-xrperwmental 


Apparatus: The tubular reactor-and- 
jacket assembly and the general layout of 
experimental equipment are shown in Fig- 
ure 1. The reactor, shown in detail in Fig- 
ure 2, consisted of a '4-in. Schedule 40 1. P 
S. yellow brass tube, the wall of which had 
heen turned down to one half its normal 
thickness. The tube was installed in a 1-in. 
LPS. brase jacket by means of brass end 
spacers which were silver soldered into 
place. Water was pumped at about 10 gal 
min., and at constant temperature, through 
the jacket giving a water film coefficient of 
more than 1000 B.t.u./(hr.) (sq.ft.)¢° F.) 


(1 Veo ) Ves 
(1 — Yoo 


+ (1 — —( + Vu)? 
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type 8662 


reactor bath 


Fig. 1. General Layout of Experimental Equipment. 


Early reaction experiments with a prototype 
reactor which was provided with a tube 
wall thermocouple showed that with this 
water rate the tube wall and bath temper- 
ature were, for all practical purposes, iden- 
tical. A 2-mm. O.D. hollow quartz tube was 
supported coaxially within the %-in. brass 
tube by means of suitable aligning supports. 
A butt-welded Number 32 iron-constantan 
thermocouple, drawn within the quartz tube 
was used to measure axial gradients within 
the catalyst bed which in turn was located 
in the annular space between reactor wall 
and quartz tube. By means of a rubber 
band, four polystyrene pulleys and a scale 
the thermocouple was centered within the 
quartz tube and was capable of axial travel 
and precise positioning within the reactor 

The reactor was supplied with hydrogen 
trom a tank source. A purihcation tram 
consisting of a Deoxo unit, platinized as- 
bestos, alumina and a dry ice cold trap was 
provided. Tank ethylene was purified by 
means of alumina, freshly reduced copper 
oxide and a cold trap. Volumetric flow 
rates of both gases were measured with 
glass capillary flow meters. After mixing, 
the composition of the hydrogen-ethylene 
reaction gas was measured in calibrated 
thermal conductivity cells by comparison 
with the conductivity of hydrogen. Follow- 
ing reaction, the composition of the product 
gas was measured in another set of thermal 
conductivity cells. Although the product 
contained three components, conductivity 
measurements are possible because the con- 
ductivity of hydrogen differs greatly from 
that of ethylene and ethane, whereas the 
conductivity of the latter two gases is 
closely similar. The equivalent of a two- 
component system therefore results. Both 
sets of thermal conductivity cells were 
maintained at constant temperature in an 
oil bath 

A Brown Electronik strip chart multi- 
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point instrument was used to record contin- 
uously temperatures in the thermal conduc- 
tivity cell bath, in the reactor coolant line 
entrance and exit, in the axial reactor posi- 
tion, and at the gas flow meters. Final 
steady-state temperature readings for record 
purposes were measured on a Leeds and 
Northrup Type 8662 potentiometer. Voltage 
unbalance in the thermal conductivity analy- 
sis cells was measured with a Leeds and 
Northrup Type K-1 potentiometer. 


Catalyst. The magnesia-copper catalyst 
was chosen because it has several favorable 
characteristics. It does not promote ethylene 
cracking at moderate temperatures, it is 
mechamically rugged, and it is easily made 
(13, 14, 16) 

A single quantity of about 850 g. of the 
combined oxides was prepared for the en- 
tire study. Composition of the catalyst was 
prepared to be a 50 mole % mixture com- 
puted as copper and magnesium oxides. 
Nitric acid, magnesium nitrate and sodium 
hydroxide of C.P. quality were used in the 
preparation. Electrolytic copper reduced in 
hydrogen and reported to contain less than 
0.0005% Ni was the source of the metal. 
The reverse precipitation technique of E. H 
Taylor (13, 14) was employed. A dilute 
solution containing copper and magnesium 
nitrates was prepared and was dropped into 
a dilute, agitated sodium hydroxide solutior 
during a period of 36 hr. The resulting 
hydroxides were washed with distilled water 
by decantation until a negative test for 
nitrate ion was obtained and filtered. The 
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Fig. 2. Diagram of Reactors. 
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coprecipitated hydroxides were dried, ball 
milled and calcined to convert them to 
oxides. The final, active catalyst was pre 
pared by reduction in place by hydrogen. 
For further details reference may be made 
to the dissertation (20) upon which this 
paper is based 

Catalyst was prepared for use in the re- 
actor by making a heavy paste of the oxides 
and placing this material between the sheets 
of quantitative filter paper. The resulting 
sandwich was pressed in a cold hydraulic 
press to form a hard, dense sheet about 
0.06 in. in thickness. Approximate cubes 
were cut from the sheet with a razor blade 
and the particles were air dried, screened 
and stored. Since more than sufficient water 
was added to the catalyst to hydrate the 
magnesia, the procedure led to uniform 
catalyst composition 

X-ray diffraction patterns were prepared 
and the arc spectrum was examined under 
the guidance of Dr. J. Turkevich of the 
chemistry department of Princeton Univer - 
sity. No trace of nickel was found. The 
surface area of the catalyst was measured 
kindly by S. C. Liang (6) and was found 
to be 80 sq.m. (on the reduced catalyst) 
per gram of dried, unreduced catalyst. The 
area of the unreduced catalyst on this same 
basis was about one-half of this value. The 
surface was measured with nitrogen and 
the molecular spacing was assumed that of 
liquid nitrogen. The dead space was meas- 
ured with helium. 


Reactant Gases. A few problems deserve 
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TO TYPE K | 
Fig. 3. Electrical Circuit of Thermal Conductivity Cells, 


“through this material, particularly 


REF. 


to be mentioned that were encountered i 
the preparation of gases with sufficier 
purity to permit the prime reaction to ru 
for extended periods. It was found, for ex 
ample, that the source of tank hydroge 
may have a bearing upon the efficiency o 
the purification tram. Hydrogen from th 
Linde Air Products Co. was used. Early ig 
the work short lengths of Tygon tubing 
were used as connectors, but it was found 
that water vapor from air will diffuse 
under 
high humidity conditions, to affect seriously 
the thermal conductivity analysis of the re- 
action gases. In the final apparatus all con- 
nections were made of glass or flexible 
bronze tubing 

The small quantities of oxygen in tank 
hydrogen were converted to water vapor 
over palladium in Deoxo units of the Baker 
Platinum Co. The resulting wet hydrogen 
was dried in a column of granular activated 
alumnia approximately 4 ft. long and 2% 
in. in diameter. The glass alumina column 
was wound with a heating coil to permit 
reactivation in place with tank hydrogen 
flowing through it. This procedure avoided 
oxygen contamniation from the dehydration 
column and permitted a high degree of de- 
hydration of the alumina during reactiva- 
tion even during the humid summer months 
when the ordinary oven-drying of alumina 
is profoundly affected by the ambient hu- 
midity. 

Cylinder ethylene was obtained from 
U. S. Industrial Chemicals Co. Trace quan- 
tities of oxygen were removed by direct re- 
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action with about 200 g. of freshly reduced 
copper oxide in the form of copper oxide 
wire fragments. Keductions were carried 
out on a cycle time dictated by the oxygen 
content of the ethylene. An alumina column 
was weed also to dry the ethylene gas after 
oxygen removal 

Carbon dioxide cold traps in each gas 
line tollowing the respective capillary flow 
meters final safety devices used to 
remove water vapor and to insure the sub 
stantial absence of dibuty! phthalate 
manometer fluid from the gas streams either 
by vaporization or gross spillage. During 
proper operation, the cold traps accumulated 
no material 


were 


Gas Analysis. Leeds and Northrup ther- 
mal gas conductivity cells were used to 
measure the compositions of the hydrogen 
ethylene reactant and hydrogen-ethylene- 
ethane product mixtures. Considerable in- 
vestigation and refinement im technique be 
yond that heretofore reported in the use of 
these cells was necessary until an adequate 
stability and precision was achieved. In the 
hydrogenation of ethylene, if substantially 
isothermal conditions are to be maimtained, 
the large heat of reaction requires that 
onversion levels be maintained at one-half 
ver cent hydrogen reacted, or less. To ob 
ain an analytical precision of measurement 
yf, say less than at this conversion 
evel the analysis must be capable of de- 
ecting a hydrogen change of +0.05%. To 
oitain such precision, or better, it was ne 
wessary to consider the effect of cell current, 
well temperature, absolute gas pressure in 
the cells, gas flow rate through the cells, 
the method of calibration 
The electrical arrangement is shown in 
Figure 3. Each unit consists of a hydrogen 
reference cell and a measuring cell. It was 
found that a cell current precise to about 
2 parts in 10,000 was required. This was 
attained at a cell current of 300 ma. through 
the use of a shunt electrically connected 
between the two cells. The shunt was im- 
cell constant temperature 
voltage drop across it was 


mersed in the 


hath and the 


catalyst essentially cubic 


measured with a Type A-1 potentiometer 
The voltage drop across the shunt was set 
at an arbitrary value to 70.002 my 

The conductivity cells are sensitive to 
temperature and distribution of temperature 
or degree of agitation. In the final arrange- 
ment of several studied the cells were placed 
in a Mentor No. 28 oil bath which was 
propeller agitated. A thermal lag between 
the interior of the cell-housing and the bath 
was minimized by replacing the original 
bakelite cover with aluminum cover plates. 
The bath temperature was controlled to 
within +0.02° ¢ 

The effect of total static gas pressure 
upon the measuring cell system between 760 
and 950 mm. Hg. was found to be negligibly 
small. The cells also were found to be 
free of effects due to total gas flow rate at 
rates less than 40 cc./sec. By means of a 
by-pass it was arranged to flow no more 
than this gas rate through the cells. Exit 
streams from the hydrogen reference cells 
were sealed from the air of the room by 
means of dibutyl phthalate bubblers. Prime 
gas streams were vented outside the build- 
ng 

When it was established that the just- 
mentioned perturbing influences had been 
minimized, cell calibrations were performed 

nown gaseous mixtures were prepared by 
mixing known flows of hydrogen and 
ethylene. The individual gas flows were 
measured with capillary flow meters prev- 
iously calibrated with a statically calibrated 
precision wet test meter. Corrections tor 
temperature and absolute pressure changes 
on the capillary flow meters were made by 
the method of Whitwell (17). Equations 
for the capillary flow meters were fitted by 
means of the method of least squares and 
calculations showed the possible error due 
to the flow meters to be +28% at a le 
limit 

In examining the characteristics of the 
Leeds and Northrup thermal conductivity 
cells it had been found in the previous 
studies of Collier (2) that ethane was not 
differentiated from ethylene as long as the 
hydrogen concentration was kept above 

Table 


Preliminary Kinetic Sertes OX 


screened throuch 64 (.0997") onte #12 ( 0661") standard 


35%. Further it was noted in the present 
work that from 35% to 100% hydrogen the 
following equation might be used to repre- 
sent the calibration curve 


Cell millivolts = A logw(H%) +B 
(29) 


where A and B are constants 

Now while the error involved in the use 
of the capillary flow meters was about 1%, 
a much higher degree of precision was ob- 
tained in the calibration of cells with the 
flow meters by fitting through the use of 
least squares a large amount of calibration 
data to Equation (29). For example, the 
equation for cell No. 510,199 was 


—278.614474 logw( 
+ 557.562484 


my. 
(30) 


The large number of significant figures is 
required because of subtraction of large 
numbers involved. 

The precision in hydrogen measurement 
for electrical reasons only is obtaimed by 
differentiating (29) or (30). Thus 


—278 d(H%) 
d(mv.) = -) (31) 


For an error in potential reading of 0.002 


mv 
dH% 
100 (. H% ) + 0.003% (32) 


Thus at 100% hydrogen concentration the 
absolute error is +0.003% and at 35% 
hydrogen, +0.0011%. 

Small residual differences in cell charac- 
teristics were noted and corrected for after 
determining the difference in each experi 
ment. Reactant gases were passed around 
the reactor and were sent through the re- 
actant and product cells simultaneously to 
establish the difference. The net error from 
all sources in the computed ethylene con- 
version percentage (absolute) ts estimated 
to be no greater than 0.006% 


and 


screen. Dp © 0.1102". Sulk density not measured. 
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Operational Techniques. The catalyst bed 
was filled with a generous support bed of 
granular celite, then with the desired 
amount of catalyst, and finally with a pre 
heating section of granular celite. The re 
actor assembly was heated by means of hot 
air passed through the jacket and catalyst 
reduction im a stream of hydrogen was 
carried out at 250° C. until water vapor 
evolution had substantially ceased. For a 
small charge of catalyst, reduction required 
about four hours. 

After reduction, water lines were attached 
to the jacket and the reactor temperature 
was adjusted for the procedures by which 
the catalyst was brought to uniform and 
reproducible activity. The catalyst was sub- 
jected to a sudden switch from hydrogen to 
an ethylene rich gas and then, over the 
period of many hours operation was con- 
tinued until temperatures and conversions 
reached plateau values. This plateau activ- 
ity was tound to remain satisfactorily con 
stant for the catalyst at all permissible tem- 
peratures and concentrations for hundreds 
of hours, provided the reactants remained 
free of oxygen and water vapor. Oxidation 
and re-reduction when performed less than 
about seven times did not appear to alter 
the activity of the catalyst. There is evi 
dence that many prolonged and repeated 
oxidation and reduction cycles may increase 
the catalyst activity slightly. This observa 
tion is in accord with industrial experience 
with rugged catalysts 

Kinetic experiments were arranged ex- 
perimentally to have catalyst temperature 
increases above the wall as low as possible, 
generally 3-5° C. or less. Linear average 
temperatures over the catalyst bed were 
used for the isothermal values used im 
checking Equation (26). Catalyst volumes 
and conversions also were kept small inten- 
tionally because of the approximations in 
deriving this equation 

Catalyst temperature, hydrogen and 
ethylene flow rates and jacket temperatures 
were controlled in a given experiment and 
the inlet and outlet hydrogen concentrations 
were measured. Differential and stati 
pressures and the temperature were taken 
at the flow meters and the barometric 
pressure was recorded. When catalyst tem- 
peratures were excessive, four things could 
be done to bring them into the desirable 
range. Increase in total flow rate was noted 
to lower catalyst temperatures. Decrease in 
hydrogen percentage had the same effect 
Reduction of reactor jacket temperature 
also reduced the rate of reaction and thus 
the catalyst temperature spread. As a last 
resort, if certain desired concentrations and 
flow rates could not be reached at a par- 
ticular jacket temperature, the amount of 
catalyst im the bed could be reduced 

\dditional details of catalyst reduction 
and operational procedure are available 
(20) 


Results 
Experimental. To provide data for 
kinetic analysis, isothermal rate studies 
were performed. Experimental variables 
and their limits were as follows: 


Hydrogen concentration 32.6-95.2% 


Temperature 9.79° C, 


0.20-32.0 10~* total 
moles / (cc. ) (sec. ) 


Space velocity 


Catalyst particle size 0.108 to 0.279 em. 
equivalent sphere diameter 
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Absence of an effect of mass transfer 
on the measured kinetics was established 
by computation and comparison with 
experimental rates, The effect of water 
vapor poisoning of the catalyst was 
noted. 

Data and computed results are pre- 
sented in Tables 1 and 2. In Table 1 
the results of two sets of preliminary 
runs, Series 00 and Series 0, are given. 
These runs differ primarily from later, 
final kinetic runs in that the catalyst was 
charged by volume and catalyst weight 
was not recorded. In the final kinetic 
runs both these quantities were meas- 
ured 

Series 00 was performed with cubical 
catalyst particles, 8- to 12-mesh screen 
size, with screen average particle dia- 
meter of 0.080 and with an equivalent 
sphere diameter of 0.110 in. based upon 
equal surface areas. The majority of 
the runs were performed at 47° C. and 
were used initially to test the validity 
of the derived kinetic equations, to 
check upon the permanence of catalyst 
activity over an extended period of 
operation (100 hr.) including runaway 
reactions, deliberate oxidations and re- 
reductions and temperature 
cycling. 

Series 0 experiments were performed 
with catalyst previously used in Series 
00. Series 0 differs from Series 00 in 
that a source of moisture in the system 
was removed between them. Before 
starting the Series 0 runs it had been 
noted that a faint film of moisture had 
collected near the cool exit of the copper 
furnace, and while it was 
customary to back-flush and reactivate 
this furnace carefully with hydrogen 
daily, it seemed desirable to install an 
alumina adsorption column after the 
copper furnace, although it was difficult 
to see at the time how water vapor could 
find its way through the copper furnace 
and cold trap which followed the flow 
meters. Subsequently it was proved that 
the moisture had come through a Tygon 
connection used in the system, and when 


reaction 


scavenging 


the Tygon was replaced with a glass 
seal the alumina column was removed 

Kinetic runs of Series 1, 2, 34 and 38 
were made with 12- to 16-mesh, cubical 
catalyst with a standard mesh 
tween No, 12 and No. 16. The average 
mesh diameter was 0.056 in. and the 
equivalent spherical diameter, 0.78 in. 
Repeated packing in a dummy tube gave 
an average bulk density of 0.783 g./cc. 
+4%. The bulk density of the larger 
catalyst of Series 00 and O also was a 
value within these limits. The use of 
mercury in a special pyenometer led to 
a particle density of 1.300 g./cc. which 
permitted computation of interparticle 
voids in the reactor of 39.8%. 

Series 1 experiments cover a range of 
space velocities, and temperatures be- 


size be- 


tween 52 and 72° C. At the end of this 
series a slight hot spot began to develop 
near the bed entrance. Prior to pro- 
ceeding with a low temperature run at 
12° C. the catalyst was aged for an 
additional 20 hr. at 10°C. The subse- 
quent runs at 10-12°C. constitute 
Series 2. 

In the experiments of Series 34 
water vapor was present in the reaction 
system. Series 38 are the results when 
the alumina column had been regener- 
ated to remove the source of the vapor, 

Series 4 experiments were performed 
to determine the effect, if any, of cata- 
lyst particle size upon the effectiveness 
of the catalyst. Mesh size was No. 16- 
No. 18, average mesh diameter, 0.043 in, 
and equivalent sphere diameter, 0.059 in. 
Bulk density was 0.845 g./cc 

The sole experiment of Series 5 was 
performed to obtain additional evidence 
with regard to the effect of water vapor 
on catalyst activity. In this experiment 
water vapor was purposely introduced 
with a low partial pressure by means o 
ice water at 0° C, in the cold trap o 
the hydrogen line. 

Kinetics. Equation (26) 
that if the abscissa, 


sug geste 


Say 
and the ordinate, 
Say 


a(l—y)y 


be plotted from experimental data, 
straight line should result with a slog 
of —1/b, and an intercept with th 
value of kb,. Complete results of Seri 
OO are presented in this manner i 
Figure 4. It is noted that the sloy 
effectively is zero. For convenience, th 
data are compressed by the use of log- 
arithmic coordinates. 
cates that b,, the ethylene adsorption 
equilibrium constant is large and the 
assumption in Equation (5) that ethyl- 
ene is moderately adsorbed must be 
modified to strong ethylene adsorption, 
i.e., 


Zero slope indi- 


6, = 1 (33) 
Equation (33) is therefore substituted 
in Equation (2) and the basic differen- 
tial equation reduces to: 


di 


di’ 


(34) 
which means that the reaction is overall 
first with respect to hydrogen 
alone. The reaction is pseudo first or- 
der with respect to hydrogen because 
of the large excess of ethylene mole- 
cules at the reaction sites. Making the 
substitution of (14) into (34), separat- 


order 


Page 305 


y)? 4 4 


Tabhe 2 


Kinetic Series 1, 2A, 28, 3. 4, 5 


Feed “ate 
mols/ 


* io 


Space Velocity 


mols/seg. ec. y 
x 


Temperatures 
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"12 (.0661") onto a #16 (.046") standard 


screen, Op calculated to be 0.078". density is 0.783 gm./cc. + 


sk 


243631 


200340 


screened 


Sulk density is 


1.495 


ing variables and integrating, 
(35) uw obtained 


Equation 
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10 


= k’b, (35) 


This is the final rate equation. It 


imlicated that the proper hydrogen con 


centration to use is the exit concentra- 
thon 
Data of kinetic 
1, 2, and 3# are also plotted in Figure 5 
in accord with Equation (26) 
additional that the re 
first respect to 
Phis figure includes data in 
to 
hydro- 


experiments Of Series 


furnish 
verification 


achhon 1s order with 
hydrogen 
the temperature range from 13 to 79 
21 


hice 


velocity from 0 
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31.9 x 10 
gen concentration trom 38 to 


moles 


use 
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200212 
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16 
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Effect f Temperature 
energy of activation for the reaction was 
obtained trom the Arrhenius equation 
illustrated in Figure 6 by the logarithm 
of the rate constant from Equation (35) 
versus reciprocal absolute temperature 
All points of Series 0, 1, 2, 38 and 4 are 
included 


The apparent 


The following equation repre 
sents a least square fit of the data 


= k’b 
50006 


RT 


Ae 


13,820 RT (36) 


The energy of activation is 13.3 k.cal 

g.-mole and the data fall within 
hand about the least line 
The apparent energy of activation of 


a 


error square 


preliminary series 00, in which moisture 


was present, was 13.2 k.cal./g. mole 
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Catalyst weight 0.52 gms.; 


volume 0.664 cc. 


IF NOW BIE WIN 


. 


which agrees within experimental error 
with the above result for the final kinetic 
data. 


Effect of Mass Transfer. Early in this 
investigation the question arose whether 
mass-transfer are important. A 
comparison of typical measured hydro- 
genation rates with diffusion rates com- 
puted from the correlations of Wilke and 
Hougen (19) showed that in no case do 
the reaction 
1/1000th of 
The measured 


rates 


within 
the rates. 
rates may therefore be 
taken to represent completely the sur- 
face reaction mechanisms 


rates approach 


Mmass-transter 


Effect of Catalyst Particle Size 
constants were determined with 


Rate 
three 
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particle sizes of catalyst, 0.059 in. for 
Series 4, 0.078 in. for Series 1, 2 and 3, 
and 0.110 in. for Series 0. All are 
represented in Figure 6. No observable 
difference in effectiveness between cata- 
lyst of different particle sizes is noted. 


Water-Vapor Poisoning. It was found 
in exploratory operation that high con- 
centrations of water vapor, of the order 
of 20 mm. destroy the catalyst activity 
completely. This effect had also been 
observed by Collier (2) in this labora- 
tory. However, when small partial pres- 
sures of water vapor were inadvertently 
introduced into the system the catalyst 
activity was decreased to about one-half 
its normal value with a dry system and 
the energy of activation remained con- 
stant. The behavior was reversible be- 
cause, on removal of the water source, 
the normal high activity was slowly re- 
covered without the necessity of regen- 
eration of the copper-magnesia catalyst. 
This occurred in preliminary Series 00 
in which water vapor diffused into the 
system through Tygon tubing. Upon re- 
moval of the Tygon the higher activity, 
experienced in all dry runs was achieved 
and the results are listed in Series 0. 
Likewise, in Series 3.4 it was discovered 
atter a few runs that the activity was at 
the level. The alumina drying 
tube was known to be near the end of its 
operating cycle and it was presumed that 
water escaping. 
Upon reactivation of the alumina and 


lower 


traces ot vapor were 
reduction in 
the nor 


mal, higher activity was again obtained 


resumption of ethylene 


runs designated as Series 38 


and the assumption with regard to water 


vapor in 34 was presumed correct 
An Arrhenius plot for the tempera 
ture variation of the over-all rate con- 
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Fig. 4. Data of Preliminary Series 00 Experiments Plotted According 
to Equation 26. 


Fig. 5. 


stant for the water-poisoned experiments 
of Series 00 and 34 are presented in 
Figure 7. The equation is: 


(37) 


The energy oi activation for the pois- 
oned runs was the same as that for 
unpoisoned experiments. The entropy 
term, 4A, however is seen to be 3500 
which is considerably lower than 5960 
for the unpoisoned run. It is noteworthy 
that the data of water-poisoned experi- 
ments should so closely describe a single 
activity level in Figure 7 although un- 
doubtedly the water vapor partial pres- 
sure varied widely within the low con- 
centration range. 

Although the study of water-vapor 
poisoning was foreign to the main pur 
pose of the present work it was desirable 
to pertorm an experiment with a con- 
scious introduction of water vapor. The 
comparison is presented in Series 4 and 
5. The two Series 4 
were entirely normal and were found to 
be properly described by Equation 36. 
Water vapor was then introduced by 
placing a small quantity of water at 
0° C. in the hydrogen line cold trap 
jacketed at 0° C. The gas did not bubble 
through the liquid water but swept over 
the surface. The vapor pressure of 
water was therefore probably consider- 
ably less than 4.6 mm. Hg. The resultant 
hydrogenation rate measurement, given 
immediate de 
crease in activity compared with Series 


experiments of 


as Series 5, showed an 
4. An examination of Figure 7 shows 
that the Series 5 point with added water 
is consistent with previous experiments 
which had been presumed poisoned by 
the presence of water vapor. 
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Data of Final Kinetic Runs Plotted 
According to Equation 26. 


Precision of Results. Errors in the’ 
determination of the rate constant may 
arise from errors in the determination 
of the measured variables in Equation 
(35) and also from errors in the meas- 
urement of temperature with an effect 
through the Arrhenius equation. Each 
of these sources of error will be consid- 
ered separately. 

Equation (35) may be rewritten in 
terms of directly measured quantities as 
follows : 


Say 
=k’ = = 
bs FV i— Yeo) 
N, Ay 
— Yeo) (38) | 


Taking logarithms of the terms in (38) 


In k” = In N, V + In Ay 
In y ~In(1—y) (39) 
and differentiating : 
dv’ dN, @V . day 
ayy 
d 
+—— (40) 
(l—y) 


The approximate errors in determina- 
tion of these individual quantities are: 


Flow Rate, \, 
Catalyst Volume, |” +4% 
Conversion, Ay +6% 


The errors involved in the determina- 
tion of y and (1—y) in the middle 
concentration range are mutually com- 
pensating and are therefore not further 
considered. The maximum error because 
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Fig. 6. Arrhenius Plot for 
the variables listed above, therefore, 


dk” 


+ 03 + 14 + 06 


+ +013 = +139 (41) 


This means that all kinetic runs should 
within about that 
ithin any series of runs, the agreement 


rree and 
should be (volume error missing) about 
210% Data in 
these ingres 

In considering the effect of tempera- 
ture measurement upon the reliability of 


Figure 6 are within 


k”. reference to Equation (36) will re- 
call that the over-all rate constant is an 
exponential function of temperature. An 
arithmetic inlet and outlet 
bed temperatures was used as an effec 


average ot 


tive temperature in computing the data 
which Equation (36) represents. This 
equation should analyzed 
for the magnitude of error possibly pro 
duced in &” 


therefore be 


Differentiating Equation 


dk” 
(42) 


13.320 / d7 ) 
RT ( ] 


Assuming an error of 1° C. is involved 
in substituting an average temperature 
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All Kinetic Data. 


33 34 


into the isothermal equations, Equation 
(43) is obtained at 308° K: 


dk” 


43 
(49) 


It is entirely possible that between 


errors resulting from conversion, flow 


rate and temperature within any one 


run the precision in k” may be *17% 
and between all runs, under adverse con- 
ditions 220% when the error in measur 
ing catalyst volume ts included lf 
Equation (36) is redifferentiated for 
error in E with constant k” and variable 
temperature, it will be found that / can 
be obtained with extreme precision pro 
vided a large number of experimental 
points with small temperature grachents 
within a run are available 
The should 
indicate the need for high precision in 


section above serve to 


catalytic Certain 
iables, temperature for example, often 
place restrictions upon the degree of 
conversion which may be obtained, and 


investigations var- 


as a consequence analytical methods of 


considerable refinement are necessary 
Data in which large temperature grad 
ients and inexact analysis are reported 


must be examined critically when con- 
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29 
Fig. 7. Arrhenius Plot for Water-Poisoned 


Experiments. 


clusions regarding mechanisms are based 
upon them. 


Experiments. Non- 
isothermal experiments were performed 


Non-Isothermal 


in a longer reactor than was used in the 
isothermal run but with equa! diameter. 
Dimensions of both reactors are given 
in Figure 2 
The 
the axial temperature profiles and over- 
all conversions were carried out with the 
same batch of No. 12-No. 16 standard 
mesh size catalyst as had been used in 
the kinetic The catalyst 
occupied 50 cm. of length, was supported 
on a 20-cm celite of the 
same grain size, and was preceded by 
a 20-cm. preheating section of the same 
celite \ 
was used as in the kinetic experiments 
with the exception that the larger bed of 
catalyst required a longer activation 
time, of the order of 24 to 36 hr 
Experiments were performed with a 
50 mole % mixture of hydrogen and 
ethylene and at flow rates of 6.25, 12.5 
and 25.0 standard ce. of 
ture / sec 


experimental determination of 


experiments, 


sechhon ot 


similar operating technique 


Teactant mix- 
Wall temperatures, with one 
were limited to a maximum 
because of the high activity of 


exception 
of 35° ¢ 


June, 1950 


= 
4 | 
| 
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J | | | | | + + + 4 
| 
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the catalyst. The experimental condi- 
tions for the different runs are noted in 
Figures 8 and 9 in which axial profile 
temperatures relative to the wall are 
plotted against axial positions. Twenty 
minutes of operation were ample to al- 
low the temperature distribution within 
the bed to become stabilized. 

Typical profiles with temperature 
maxima are shown. It is interesting to 
note the reproducibility of such data. 
Runs 2 and 7 are duplicate experiments 
although five other experiments were 
performed between them. Temperatures 
of Experiment 11 were measured as the 
wall temperature was raised to just short 
of run-away conditions. It may be noted 
that inhomogeneities in catalyst reactiv- 
ity are amplified, although at lower tem- 
peratures these do not seem to be impor- 
tant because of the conditioning treat- 
ment given. 


Comment on Results 


A previous derivation by Benton (1) 
for different flow reactions, when ap- 
plied to small conversions in the hydro- 
genation of ethylene and employing the 
nomenclature of the present paper, leads 
to the following equation : 


SAy 


= (44) 


wy 


This equation does not correlate the data 
of the present study as a widespread 
variation of the rate constant is evident. 
It differs from Equation (35) by the 
term (1 —y). An averaging procedure 
was used by Benton which led to the 
assumption of constant \ for purposes 
This may be nearly so, 
but not actually, as shown by the follow 
ing equation : 


ot mtegration. 


d(Ny,) = Ndy,+yadN (45) 
The contribution of the change in the 
total number of moles of gas flowing 
through yd@N\ may form an appreciable 
the total variation, 
d(Ny),, and may not be neglected in the 
hydrogenation of ethylene even though 
the conversion is small. 

Several writers have suggested that 
unintegrated forms, or averaged forms 
of unintegrated expressions may be used 
to analyze rate data. Opportunities for 
error exist unless the method is similar, 
say, to that of (8), in which a 
graphical differentiation of integral rate 
data is performed and the result of this 
used in the differential equation. Par- 
ticular must be exercised in the 
analysis of rate data from a differential 
reactor in an unintegrated expression 
for a reaction in which there is a volume 
change. Both terms in Equation (45) 
must be used unless it is established that 
yd\ is small compared with Ndy. 
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As mentioned in the introductory sec- 
tion of this paper, the kinetics of the 
hydrogenation of ethylene in static sys- 
tems over various types of reduced cop- 
per catalysts has been studied by a num- 
ber of investigators and in general the 
reaction was found to be first order with 
respect to hydrogen although in some 
cases, a dependence upon the ethylene 
concentration also was reported. It is 
particularly interesting to compare the 
apparent energy of activation of 13.32 
k.cal./g. mole of the present study with 
previous work. This value compares 
favorably with the data of Pease who 


aBove WALL 
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Cu FRONT OF 


— 4 
10 20 


2s 


Fig. 8. Axial Temperature Profiles in 


Non-Isothermal Experiments. 


found 13.4 k.cal./g. mole for a partially 
deactivated supported copper catalyst at 
temperatures between 0° and 60°; and 
it compares well with the data of Grassi 
(4) which gives a value of 12.00 k.cal. 
between 150° and 200°. Of interest also 
are the results of Greenhalgh and Pol- 
anyi (5) who studied the rates of hydro- 
gen exchange during hydrogenation of 
ethylene over reduced copper oxide, as 
well as the rate of ortho-para and deu- 
terium-hydrogen conversion over the 
same catalyst. Data of Greenhalgh and 
Polanyi on the hydrogenation of ethyl- 
ene are not complete nor precise enough 
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Fig. 9. Axial Temperature Profiles in Non-Isothermal Experiments. 
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to give an accurate estimate of the acti- 
vation energy directly. However, they 
do state that the hydrogenation at 20° 
was rapid and reached the half comple- 
tion mark at about 30 min. This com- 
pares favorably with run number 78 of 
Pease wherein at 20° the half-way mark 
was reached in slightly more than 20 
min. Greenhalgh and Polanyi noted no 
exchange reactions or ortho-para con- 
version as long as ethylene hydrogena- 
tion was proceeding and thus concluded 
that while the catalyst definitely does 
cause molecular scission of the hydrogen, 
the presence of the ethylene results in 
so rapid a consumption of hydrogen 
atoms that the reverse process of hydro- 
gen combination, and hence ortho-para 
or deuterium-hydrogen exchange never 
takes place. Phrased differently this 
means that the slow process in the hydro- 
genation of ethylene over copper may 
well be bound up with the scission of 
hydrogen-hydrogen bonds, This is fur- 
ther attested if we assume, in the ab- 
sence of better information, that the 
hydrogenation kinetics of Greenhalgh 
nd Polanyi are approximately the same 
s those of Pease because they followed 
he same techniques as Pease in catalyst 
These authors observed an 
ctivation energy for ortho-para conver- 
ion of 14.0 kcal. which compares well 
ith Pease’s value of 13.4 k.cal. for the 
ctivation energy of the hydrogenation. 


preparation, 


The energy of activation of present 
xperiments with without 
wisoning had the same energy of activa- 
tion. One may presume from this result 
hat water poisoning is not bound up 
ith the slow process involving hydro- 
en but is more likely associated with 
he adsorption of ethylene on the sur- 
and as such probably is a steric 


and water 


Taylor (16) studied the 


ydrogenation of ethylene over a cata- 


and Joris 


lyst similar to the one employed in this 

ork. The proportions, however, were 
25 mole % Cu compared with 50 mole % 
in the present catalyst. The energy of 
activation in the previous study 
lower, 7.3 kcal./g. mole compared 
with the present value of 13.3. 


was 


Acknowledgment 


This work was supported by a fellow 
ship and project for the study of reac 
tion kinetics and heat flow 
systems sponsored by the Shell Oil Co., 
Inc. The authors wish to express their 
appreciation for the 


transter m 


interest and co- 
operation of this company 
Copper of high purity was supplied 


by the I'he Ips Don lgre Copper Co 


Notation 


frequency tactor m Arrhenius 


equation 


Page 310 


= adsorption equilibrium constant 

= energy of activation 

= specific surface reaction rate 
constant g. moles/({sec.) (cc. 
of catalyst chamber ) 


over-all rate constant, (k’b,) 


moles /sec, total gas flowing in 
reactor at any point 


= partial gas pressure in atmos- 
pheres 
gas constant 
space velocity, moles feed gas / 
(sec.) (cc. catalyst) (N,/V) 
absolute temperature 
* time in seconds 
= volume of in cubic 
centimeters 


reactor 


mole fraction in gas phase 

Yai ~ Yao 

fraction of available catalyst 
surface covered 


= total pressure in atmospheres 


Subscripts: 


= hydrogen 
ethylene 
ethane 
= inlet conditions of reactor 


outlet conditions of reactor 
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Discussion 

E. E. Gullekson (California Re- 
search Corp., El Segundo, Calif.) : The 
definition of the apparent reaction order 
and the evaluation of reaction rates have 
been ably accomplished by application of 
methods which represent significant con- 
tributions to the science of kinetics. Of 
particular value in this paper, is the 
lucid demonstration of the type and 
magnitude of the errors that may be 
encountered in the investigation of 
kinetics. 

As Dr. Wilhelm has stated, the use 
of flow-type investigations is becoming 
increasingly important because of wide- 
spread application of chemical phe- 
nomena to industrial purposes. The 
flow-type kinetic analysis is usually con- 
siderably superior to the static type for 
this purpose, and usually results in infor- 
mation which approaches the reliability 
and practicability of that which may be 
obtained in pilot scale or semicommer- 
cial scale investigation. 

The work described here is concerned 
with small conversions per pass. Usually, 
however, in the industrial application of 
a chemical reaction, economics requires 
that the conversion be selected so that 
the recycle of unreacted materials will 
not be excessive. Would the authors 
care to state whether a different ap- 
proach to this problem must be made 
in the event of higher conversions? 


R. H. Wilhelm: Yes, as higher con- 
versions are taken, the rates of point, 
rates of heat release of course, are 
greater, and temperature gradients are 
obtained through the reactor. We, as 
well as many others, are in the process 
of studying the design procedures that 
may be applicable to the nonisothermal 
reactor in which you nevertheless at- 
tempt to maintain the wall as a fixed 
temperature value. Considerable pro- 
gress has been made along this line. We 
have been successful to date in predict- 
ing by appropriate heat-balance calcula- 


tions, the gradients that are measured ¢ 


experimentally with the same reaction 
The information obtained in this paper 
hackground for 


serves as a further 


evaluations 


(Presented at Tenth Regional Meet- 
mg, Los Angeles, Calif.) 
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THERMODYNAMIC PROPERTIES OF 
n-HEPTANE 


EDWARD B. STUART, KUO TSUNG YU and JAMES COULL 


University of Pittsburgh, Pittsburgh, Pennsylvania 


Thermodynamic properties of n-heptane have been calculated from 
P-V-T data and presented in a pressure-enthalpy diagram as well as in 
tabular form. The range covered is from 1 to 300 atmospheres and from 


209.08° to 1800° F. 


ODERN developments in the syn- 

thesis and recovery (3, 9, 14) of 
hydrocarbons from basic materials over 
wide ranges of pressure and temperature 
have created a need for thermodynamic 
charts of the higher molecular weight 
compounds. This paper presents the 
thermodynamic properties of #-heptane 
calculated from P-l’-T data in the form 
of a pressure-enthalpy diagram and 
tables. (See diagram on p. 312.) 


P-V-T Data 


Beattie and Kay (2) reported the 
experimental P-|'-T data for the super- 
heated region of n-heptane from 7.12 to 
351.50 atmospheres and from 30 to 350° 
C. These data were used later by Smith, 
Beattie and Kay (13) to determine the 
constants for the Beattie-Bridgeman 
equation of state. When the experimen- 
tal isometrics are compared with those 
calculated from the Beattie-Bridgeman 
equation in a P-T plot, excellent agree- 
ment is found only at a density below 
one half of the critical. It is observed 
also that the experimental isometrics 
above one half of the critical density are 
substantially straight. In view of the in- 
consistency between the experimental 
data and the Beattie-Bridgeman equation 
of state, two methods were used to ex- 
tend the P-I’-T data. For those densities 
below one half of the critical, data are 
extended analytically by using the 


Note: Tables are on file (Document 
2753) with the American Documentation 
Institute, 1719 N Street, N.W., Washing- 
ton 6, D. C. Data can be obtained by re- 
mitting 50 cents for a microfilm and 50 
cents for photoprints. 
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Beattie-Bridgeman equation; while for 
the densities above this value, data are 
extended graphically by an extrapolation 
of the experimental isometrics. Such 
extrapolated data, however, are only a 
small portion of the total data used in 
the present calculation. 


Properties in Ideal Gas State. Proper- 
ties in the ideal gas state were taken 
from A.P.I. research project 44 (1); 
Tables 2v, 2u and 2t contain specific 
heats, enthalpy and entropy respectively. 
Data reported range from 0 to 1500° K. 


Properties in Saturated State. Young 
(16) reported the vapor pressure and 
specific volumes of vapor and liquid for 
a number of hydrocarbons including 
a-heptane. His data, covering from 
0.01508 to 26.950 atmospheres and 0 to 
266.85° C., are in agreement with later, 
less extensive work by Beattie and Kay 
(2). Original data of Young, after a 
careful examination, have not been 
smoothed. In the present calculation, 
polished data were used to evaluate the 
latent heat of vaporization by the 
Clapeyron equation. The calculated 
latent heat of vaporization is in agree- 
ment with those reported by Young 
(16). 


Method of Evaluation. For the data 
below one half of the critical density in 
which the Beattie-Bridgeman equation 
of state may be used with high accuracy, 
the thermodynamic network can be cal- 
culated analytically (12). For the data 
above one half of the critical density, 
the graphical method of evaluation is 
necessary. To confine the whole calcula- 
tion into a single method of evaluation, 


the graphical method of residual volume 
as outlined by Deming and Shupe (4-6), 
Edmister (7) and York (15) is used. 


Comment 


The recent publication of the proper- 
ties of benzene (10) and n-butane (11) 
provides hydrocarbons with which a com- 
parison can be made. It is of interest to 
note that the slope of the isotherms and 
isentropics from n-heptane are closer to 
benzene than to #-butane. This similar- 
ity between the properties of n-heptane 
and benzene has been shown over a short 
range by Gilliland (8). 
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RIOR to the declaration of war in 

1914, aromatic hydrocarbons such 
as benzene, toluene, and xylenes were 
produced strictly as by-products of the 
coal-tar industry and were consumed 
chiefly in the manufacture of dyes for 
the textile industry. Utilization of these 
tars dates from the discovery of the 
first aniline dye by Perkin in 1856. At 
the beginning of the twentieth century 
production of toluene in the United 
States probably did not exceed 750,000 
gal./yr. (50 bbl./calendar day), but 
with the outbreak of World War I 
the demand for benzene and toluene as 
raw materials in the manufacture of 
explosives skyrocketed. 

Toluene which normally sold for less 
than 25 cents/gal. could not be bought 
in quantity for $5.00/gal. This was due 
primarily to trinitrotoluene assuming 
first rank among explosives because of 
its low melting point, its safety in 
handling, its nonacidity, and the ease 
with which its time of explosion can 
be controlled. By 1918 the toluene out- 
put had reached some 20,000,000 gal. / 
year (1,300 bbl./calendar day) and 
practically all the increase was possible 
because of the recovery processes for 
extracting toluene from coke-oven and 
city gas supplies. The extreme need for 
explosives during this period prompted 
even the production of small quantities 
of toluene from petroleum by thermal 
decomposition of the nonaromatic con- 
taminants present in virgin naphtha 
fractions. Obviously, this resulted in 
extremely expensive toluene since even 
the better aromatic-type crudes contain 
only some 35% virgin toluene in the 
200-250° F. fraction and it would be ne- 
cessary to decompose the remaining 60- 
65% of the fraction in order to obtain 
sufficient purity to make the toluene 
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suitable for nitration. The reluctance 
of the coal-tar industry to install addi- 
tional equipment for the manufacture of 
toluene may well be understood when a 
comparison of the extremely low yields 
obtained from coal tar is made with the 
somewhat higher yields from petroleum. 
This fact coupled with a lower initial 
investment for the petroleum plants 
tended to discourage expansion of the 
coal-tar industry specifically for aro- 
matic production. 

During the interim period 1918-38, the 
status of aromatics production was 
rather stable with regard to additional 
plant installations. Toluene was gener- 
ally considered a coal-tar by-product 
until the late thirties of the current cen- 
tury. At that time toluene requirements 
of the United States for explosives dur- 
ing wartime were estimated at some 
21,000,000 gal./month or about 16,000 
bbl. /calendar day. Supplies of this aro- 
matic from the coal-tar industry ap 
proximated 2.5 to 3,000,000 gal. /month 
of nitration-grade toluene. Theretore, 
the Ordnance Department began to take 
steps to establish plants for the recovery 
and synthesis of toluene from petroleum. 
Two commercial processes were utilized 
for the manufacture of aromatics from 
petroleum. The first of these was a re- 
covery process that isolated naturally 
occurring toluene fractions from petro- 
leum crudes by distillation. This was 
followed by some purification means 
such as extractive distillation and acid- 
treating plus rerunning to eliminate high 
boiling compounds from the desired 
aromatic. The second was a synthetic 
process that utilized suitable catalysts to 
dehydrogenate naphthenes such as 
methyleyclohexane to give the corre- 
sponding aromatic. The information 
presented below will be devoted to the 
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production of aromatics by the synthetic 
process known as hydroforming. 

At the outbreak of World War II in 
1939, most of the commercial hydro- 
forming units were still in the planning 
stages. Under the impetus of war, a 
number of these plant installations was 
completed and placed in service in the 
U. S. prior to and during the period of 
the participation of the U. S. in the war. 
One of the first commercial hydroform- 
ing units to be placed in operation for 
the production of high-purity aromatics 
and the largest in the world to date, i 
the one operated by Humble Oil & Re4 


fining Co. at Baytown, Tex. Durin 

World War II this plant supplied mor 

than one half the toluene that went int 

TNT for the U. S. Armed Forces. I 

addition to the prime purpose of maxi 

mum production of nitration-grad 

toluene for TNT manufacture, its oper 
ations were integrated with those o 

Humble’s Baytown refinery to enable 
substantial contributions to the produc- 
tion of 100 octane aviation gasoline. 
Products from the process boiling above 
and below toluene constituted valuable 
blending components for aviation gaso- 
lines, due particularly to the exception- 
ally good rich-mixture antiknock char- 
acteristics of certain aromatics, such as 
xylenes contained therein. 


Description of Hydroforming Proc- 
ess. The hydroforming process consists 
of the catalytic treatment of naphthas in 
the vapor phase at elevated temperatures 
and pressures in the presence of hydro- 
gen; the primary conversion occurring 
is the catalytic dehydrogenation of an 
alicyclic hydrocarbon containing a six- 
carbon naphthene ring to the corre- 
sponding compound containing a ben- 
zene ring accounting for the fact that 
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in hydroforming there is a net produc- 
tion of hydrogen. Three equations illus- 
trating the principal reaction are shown 
as follows 


Cyclohexane 


Methyleyclohexane 


provided by recycling a portion of the 
hydrogen-rich light gas produced in the 


process. Advantages accruing to recy- 


Catalyst Benzene + 31H,—53,010 cal. (at 980° F.) 


Catalyst Toluene + 3H,—52,750 cal. (at 980° F.) 


1,2 Dimethyleyclohexane Catalyst O-xylene + 3H,—52,970 cal. (at 980° F.) 


While the hydroforming process is 
rather specific for effecting the above- 
mentioned type of dehydrogenation re- 
action, its application to petroleum 
naphthas for the synthesis of aromatic- 
type products is accompanied by a num- 
ber of secondary or side reactions. 
These side reactions, which are influ- 
enced by the composition of the naphtha 
feed and which are subject to consider- 
able control by selection of catalyst and 
of operating conditions such as temper- 
ature, pressure, and reaction time, 
usually include the following: (1) de- 
hydrocyclization of normal paraffins, 
presumably through the intermediate 
formation of an olefin, to produce an 
aromatic hydrocarbon, e.g., conversion 
of normal heptane to toluene; (2) re- 
arrangement reactions of naphthenes or 
paraffins, such as isomerization; (3) 
various pyrolytic decompositions, such 
as fission of five-carbon naphthene 
rings, dealkylation of ring sidechains, 
and cracking of paraffins; (4) forma- 
tion of small quantities of high boiling 
material, probably through alkylation 
and condensation mechanisms; (5) hy- 
drogenation of olefins, which proceeds 
essentially to completion since the hydro- 
catalyzes olefin 
hydrogenation under the reaction con- 
ditions, wherein a relatively large con- 
centration of free hydrogen is present; 
and (6) decomposition of sulfur-con- 
taining compounds. Of these side reac- 
tions, pyrolytic decomposition is the 
most extensive with virgin naphtha feed 


forming catalyst also 


stocks because the hydroforming reac- 
tion, to obtain the desired conversion to 
aromatics, is conducted usually at tem- 
peratures in the order of 900° to 1000 
F., at which temperature level the rate 
of thermal cracking is significant. Hy- 
drogenation of olefins is usually the most 
important side reaction occurring with 
cracked naphtha feed stocks. 

In conducting the hydroforming 
process, some carbon is produced and 
deposited on the catalyst as coke; such 
carbon is periodically removed from the 
catalyst by restoring the 
catalyst essentially to its original activ- 
ity. An important feature of the hydro 
forming process is that it represents a 


oxidation 


dehydrogenation process in the presence 
of hydrogen added in excess of that 
produced from the dehydrogenation of 
naphthenes. This excess hydrogen is 
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cling this 70% hydrogen gas are (1) 
prolonging the life of the catalyst, (2) 
reducing feed stock degradation to car- 
bon and noncondensable hydrocarbon 
gases and, (3) providing additional heat 
input to the endothermic hydroforming 
reaction by preheating the hydrogen 
recycle, 

The hydroforming process is em- 
ployed by the petroleum refining indus- 
try both to produce aromatic compounds 
of high purity for specialized uses as 
solvents, chemical intermediates, and 
aviation gasoline blending agents, or to 
elevate the antiknock quality of petrol- 
eum naphthas boiling in the range of 
200° to 450° F. for inclusion in pre- 
mium quality gasolines. The most ex- 
tensive postwar application of hydro- 
forming is the processing of straight- 
run petroleum naphthas for improve- 
ment of antiknock quality in the produc- 
tion of premium automotive gasolines. 
It offers a number of advantages over 
the older thermal reforming process for 
upgrading the gasoline quality of the 
relatively low octane number virgin 
naphthas. In addition to effecting a 
greater improvement in octane quality 
for a given gasoline yield than does the 
thermal process, hydroforming produces 
a stable, low-sulfur gasoline that is 
usually doctor sweet; little or no finish- 
ing treatment is required. Stability to 
both color degradation and gum forma- 
tion is achieved because of the negligible 
concentration of olefins and particularly 
of diolefins in the hydroformate. Flexi- 
bility of the hydroforming process is 
apparent in that product octane quality 
can be adjusted to the desired level, 
over a considerable range, to obtain the 
optimum balance between yield and oc- 
tane number improvement. 

From the nature of the hydroforming 
reaction, feed stocks containing the 
largest percentage of suitable naphthenic 
compounds are those from which hydro- 
formates having the highest octane num 
ber can be produced. In general, naph- 
thas from Gulf Coast crudes have a 
considerably higher naphthene content 
than do those from Mid-Continent 
crudes. Mid-Continent naphthas usually 
are slightly more naphthenic than those 
from such crudes as East Texas and 
West Texas. The naphthene content of 
a virgin naphtha from a given crude 
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source usually increases with an increase 
in naphtha boiling point, but of even 
greater significance is the fact that the 
difference in octane rating between a 
naphthene hydrocarbon and the corre- 
sponding aromatic compound tends to 
be markedly greater in the case of the 
higher boiling, or heavier molecular 
weight, compounds. This trend is illus- 
trated by Motor Method octane number 
blending values for certain representa- 
tive hydrocarbons. Cyclohexane, the 
lowest boiling naphthene with a six- 
carbon ring, has a boiling point of 
177° F. and an octane rating 97; ben- 
zene, the corresponding aromatic com- 
pound has a boiling point of 176° F. 
and an octane rating of 90.5, lower than 
that of the parent naphthene. The next 
higher boiling naphthene having a six- 
carbon ring is methylcyclohexane, which 
boils at 213° F. and has an octane rating 
of 84; in this case the aromatic deriva- 
tive, toluene, has a boiling point of 
231° F. and an octane rating of 112. 
Continuing up the homologous series, 
the mixed cis and trans isomers of 1,4 
dimethyleyclohexane have an octane 
rating of about 65 whereas the aromatic 
derivative, paraxylene, has an octane 
rating of 127. While there is a scarcity 
of octane data on individual compounds 
of still higher boiling point, there is 
ample evidence that the corresponding 
naphthene and aromatic compounds ex- 
hibit octane number differences in the 
same order of magnitude as the preced- 
ing example. It is emphasized that the 
octane ratings given here were measured 
in a blend of the particular compound 
with a standard paraffinic-type gasoline 
base of known octane quality; straight 
octane ratings on the pure compounds 
and blending values in other gasoline 
bases would be considerably different in 
some cases, 

As a result of these considerations, 
the heavier naphtha fractions are prefer- 
able as hydroformer feed when operat- 
ing a unit of this type strictly for motor 
gasoline octane improvement. The 
naphtha fraction boiling from about 
250° F. up to 400° F., the normal gaso- 
line end point, has been found to be the 
most desirable feed in a situation where 
hydrotorming capacity is limited by fac- 
tors other than feed stock availability. 
A 330° F. end-point feed is used in 
certain cases where the hydroformate is 
being used exclusively in premium-grade 
gasolines having a sharply limited back- 
end volatility specification. The naphtha 
fraction boiling from 200° to 250° F. 
which contains the methylcyclohexane, 
offers a good, but lesser, opportunity for 
octane improvement. The naphtha boil- 
ing below 200° F. containing the cyclo- 
hexane preferably is omitted from the 
feed when hydroforming. for gasoline 
octane number improvement. In some 
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The heart of superfractionators that 

handle all distillation operations including 

may ee of various types of hydro- 

ormer feed is located on the panel boards 

of this air conditioned control room at 
Baytown refinery. 


cases where adequate capacity exists, 
heavy naphtha boiling in the range of 
400-450° F. may be included in the 
hydroformer feed because a substantial 
portion of this fraction can be con- 
verted under severe reaction conditions 
to material boiling below the 400° F. 
gasoline end point, thereby resulting in 
additional gasoline recovery (2). 


Baytown Ordnance Works Wartime 
Operations. The Baytown Ordnance 
Works was placed in operation by 
Humble Oil & Refining Co. for the 
United States Government in Septem- 
ber, 1941, three months before Pearl 


Harbor to produce maximum quantities 
of nitration grade toluene. As originally 
conceived, and as is shown in Figure 1, 
production of toluene involved the 
processing of crude naphthas cut to 
about 400° F. end point in a three-tower 
superfractionation unit for stabilization, 
the preparation of a pentane to 200° F. 
end point light-blend naphtha, and a 
200-250° F. boiling range fraction for 
hydroformer feed stock. Since toluene 
was the desired product, the crude 
naphtha cut points at the primary dis- 
tillation units were adjusted for the re- 
covery of about 95 per cent of the 
methylcyclohexane in the crude. At the 


tr 
Light 
for Aviation 


200- 210°F 


Baytown Ordnance Works distillation 
equipment the hydroformer feed cut 
points were adjusted so that essentially 
no methylceyclohexane or toluene was 
lost in the light-blend naphtha or 
naphtha for reforming stock returned to 
the refinery. The fraction containing 
essentially all the methylcyclohexane and 
virgin toluene in the crudes run in the 
Baytown refinery was charged to the 
hydroformer for the production of syn- 
thetic toluene. Some figures on the 
toluene producible by severely hydro- 
forming several 200° to 250°F. virgin 
naphthas of varying methylcyclohexane 
content are shown in Table 1. The 
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Simplified Flow Diagram—Wartime Operations at Baytown Ordnance Works. 
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toluene yields above the theoretical are 
the result of secondary reactions involv- 
ing aromatization of paraffins and 
isomerization of five-carbon naphthene 
rings to six-carbon rings, followed by 
dehydrogenation. The actual disappear- 
ance of methyleyclohexane was in the 
order of 85 to 90%. 

Processing the stabilized hydroform- 
ate was accomplished in a four-tower 
operation for the production of a light 
hydroformate fraction (200° F. end 
point), a normal heptane stream, a 
toluene-rich feed stock for the sulfur 
dioxide plant, and a heavy aromatic 
product for subsequent rerunning in the 
refinery to recover the xylenes for avia- 
tion gasoline. The toluene concentrate 
fraction was solvent-extracted at tem- 
peratures in the league of —25° F. with 
liquid sulfur dioxide for the purification 
of this aromatic. Extraction of toluene 
with liquid sulfur dioxide results in an 
extract phase containing some 65-70% 
aromatics. For nitration purposes, an 
aromaticity of 98-999 was required and 
additional purification of the toluene 
extract was necessitated. Since the non 
aromatic impurities in the extract boil 
closely to the desired aromatic, separa- 
tion by distillation was not feasible. 
Pherefore, a washing operation was in- 
corporated in which heavy paraffins 
were applied to the aromatic-sulfur di- 
oxide mixture to displace the light non- 
aromatics in the toluene distillation 
range. Removal of these heavy paraffins 
from the toluene then becomes an easy 
matter by distillation. Steps involved in 
the finishing of the extract from the 
final wash operation consisted of (1) a 
10-15 Ib. /bbl. treat with 989% H,SO, to 
remove small quantities of olefins pres- 
ent in the final extract, (2) caustic hy- 
drolysis at 300° F. for the conversion of 
sulfated hydrocarbons, and (3) a final 
rerun operation taking finished toluene 
as a sidestream to separate the desired 
product from high boiling paraffins in 
troduced by the wash oil and from 
polymers tormed in the acid-treating 
operation, A 50-100 bbl. /day slop frac- 
tion taken as an overhead stream in the 
final rerun operation permitted the re 
moval of moisture from nitration grade 
toluene, thereby eliminating cloud-point 
difheulties experienced during the early 
stages of operations on toluene 

Test work at all of the units showed 


TABLE 1 


Peed Stock Analysis 


Methyleyclo 


hexane 


Feed Stock Type 


Highly naphthen 
Moderately naphthen) 
Aromatic naphthen 
Moderately para: 
Highly 
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that substantial surplus capacity was 
available throughout the plant. Since 
maximum toluene production was de- 
sired, a number of outside stocks was 
purchased to supplement the crude 
naphthas furnished by the Baytown re- 
finery. These included crude naphthas 
imported to Baytown from other refin- 
ers, a methylcyclohexane concentrate for 
hydroformer feed, and a toluene hydro- 
formate for sulfur dioxide plant feed 
stock. However, these stocks failed to 
utilize all the hydroforming capacity 
and as a result, a 200-250° F. fraction 
from thermally cracked naphtha was 
used for the production of additional 
toluene. For maximum toluene produc- 
tion, processing cracked naphtha is a 
desirable operation, although from an 
octane number standpoint, the cracked 
material represents a somewhat poorer 
hydroformer feed than virgin naphthas. 
Cracked naphthas are of higher initial 
octane quality than the virgin naphthas, 
and, therefore, offer less chance of oc- 
tane number improvement upon hydro- 
forming. In addition, carbon production 
from the cracked naphtha is some 50% 
higher than for a virgin naphtha of the 
same boiling range under comparable 
operating conditions. For these reasons, 
hydroforming cracked naphthas usually 
does not appear attractive im postwar 
operations for octane number improve- 
ment, although it was desirable for max 
imum toluene production during the war 
years. A novel feature of cracked- 
naphtha hydroforming is that the hydro- 
genation of the olefins in the cracked 
feed, which proceeds readily under re- 
actor conditions, is a strongly exo- 
thermic reaction; the heat released 
thereby substantially offsets that ab- 
sorbed by the endothermic hydroforming 
Thus, either a lower reactor 
inlet temperature may be employed or 
higher conversion of naphthenes to aro 
matics may be obtained 


reaction 


[wo interesting operations were con- 
ducted during the war at the Baytown 
Ordnance Works to obtain additional 
hydroformer feed and to produce high 
quality aviation gasoline blend stocks 
Since aviation gasoline was limited by 
suitable aromatics for rich mixture per 
formance, there was considerable inter- 
est in maximizing incidental xylene 
output. Processing a narrow cut feed 
stock (200-250° F.) at the hydroformer 


YIELDS OF TOLUENE FROM 200°-250° F. VIRGIN NAPHTHAS 


Toluene Yield 


vol. % of Feed 


Toluene, 
val. val. Theoretical Actual 
me 00 244 
o3 21a 
109 24.7 
23.0 


resulted in an incidental xylene fraction 
of about 95% purity. As the boiling 
range on the hydroformer feed was in- 
creased, xylene production also increased 
but purity decreased somewhat. Labor- 
atory work showed that a 90% xylene 
blending agent could be manufactured 
by widening out considerably on the 
boiling range of the hydroformer feed 
produced at the crude naphtha units. 
Consequently, the end point of the hy- 
droformer feed was increased to a range 
of 260-275° F. depending on the parat- 
fin content of the crude naphthas 
charged to the plant, and at the end 
of the war approximately 2,500 bbl. /day 
of incidental xylenes were being pro- 
duced, 

The second operation conducted was 
known as a recycle raffinate operation. 
Laboratory analyses showed that the 
220-235° F. fraction from the toluene 
raffinate produced at the sulfur dioxide 
plant contained substantial quantities of 
isooctanes of better octane quality than 
marginal stocks included in aviation 
gasoline. It was possible to charge this 
raffinate to the feed preparation unit 
taking overhead a methylcyclohexane- 
rich stream for recycle to the hydro- 
former and an isooctane fraction for 
aviation gasoline blending. This was a 
segregated operation which permitted 
approximately 85% of the methyleyclo- 
hexane in the raffinate to be recovered 
while producing additional aviation 
gasoline blend stocks. 


Postwar Aromatic Production. At the 
close of World War II, operations at 
the Baytown Ordnance Works were 
suspended by the United States Govern- 
ment; however, after a brief interval 
the plant was leased for several months 
by the Humble Oil & Refining Co.; and 
the production of extracted toluene and 
xylenes was then begun on a temporary 
basis. After several months’ operations 
negotiations were completed with the 
government for the purchase of the 
plant with all the attendant equipment, 
and to date, the processing of virgin 
naphthas for octane improvement and 
the production of high purity solvents 
and aviation blend stocks have consumed 
the entire plant capacity. The solvent 
products currently produced are 98-99% 
pure toluene, a mixed xylene product of 
98-999 aromaticity, a 95% pure C, 
aromatic fraction, and a 90% Cy» aro- 
matic fraction. Pertinent tests on the 
finished solvents are presented in 
Table 2. 


As was the case during the war, 


400° F. end-point crude naphthas cut 
from crude batteries and pipe stills are 
charged to the crude naphtha rerun units 
ior the preparation of hydroformer feed 
stock. This operation is carried out in a 


three-tower system shown in Figure 2. 
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A butane to 200° F. end-point light- 
blend naphtha fraction is produced from 
the first 50-plate superfractionator and 
this fraction is subsequently stabilized 
in a 30-plate tower for removal of the 
butane contained therein. Essentially 
complete removal of the butane must be 
effected in this stabilization operation to 
insure isopentane purity when further 
processing the light-blend naphtha for 
recovery of isopentane, isohexane, and 
isoheptane fractions in the aviation 
blend stock operation. The 200-400° F. 
bottoms stream from the first 50-plate 
superfractionator is then charged to the 
final tower in the crude naphtha rerun 
unit from which is taken as an overhead 
stream the feed stock for the hydroform- 
ing unit. The type of crude naphtha be- 
ing charged to the crude naphtha rerun 
units determines the boiling range of 
the hydroformer feed that will be pro- 
duced. Normally, a 200-300° F. end- 
point fraction is segregated for the hy- 
droformer to produce toluene, xylenes, 
and a Cy aromatic fraction; however, 
during the times when highly naphthenic 
coastal-type virgin naphthas are 
processed at this unit, the end point on 
the hydroformer feed is elevated to 
345-350° F. in order to include Cy 
naphthenes for the production of a Cy» 
aromatic fraction. Listed in Table 3 are 
the boiling points of several Cy and Cy» 
aromatics. Consideration of the indi- 
vidual naphthenes and aromatics will 
give some indication of the elevation in 
boiling point that accompanies the hy- 
droforming of a Cy and Cy» naphthene. 

In the case of the Cy and Cy» aromatic 
products, inclusion of naphthenes that 
will result in aromatics boiling in the 
desired distillation range is imperative 
for the production of the specified aro- 
matic purity. On the other hand, the 
choice of the hydroformer feed cut point 
must be made to exclude essentially all 
of the nonaromatic material boiling in 
the range of the desired product that 
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TABLE 2.—INSPECTIONS ON CURRENT PRODUCTION SOLVENT AROMATICS 


Toluene 


IBP °F 

10% Distilled at * F 
50% Distilled at * F 
90% Distilied at * F 
End Pt. * F 232.5 
Tag Closed Cup Flash * F 

% Aromatics : 


will dilute the purity of these products 
below the specified minimum. For ex- 
ample, maintaining the hydroformer 
feed end point at 295° F. for C, aro- 
matic production permits inclusion of 
naphthenes, primarily trimethyl cyclo- 
hexanes, that after hydroforming, will 
result in aromatics boiling in the de- 
sired distillation range (300-350° F.). 
Processing a higher end point hydro- 
former feed to include Cy naphthenes 
such as methylethyleyclohexanes and 
propylcyclohexane (boiling points in the 
range of 305-315° F.) will result in 
dilution of the aromatic distillate below 
the specified purity on the aromatic 
solvent. For this reason, the entire pro- 
duction of Cy and Cy9 aromatics is 
necessarily a synthetic product. For the 
crude naphthas processed at Baytown, 
plant operations have indicated that for 
satisfactory Cy aromatic quality the end 
point on the hydroformer feed must be 
controlled to about 295° F., and for the 
Cy aromatic a range of 345-350° F. is 


Xylenes ©» Aromatics Cy Aromatics 
275 $15 365 
326 370 
526 
330 395 
293 70 425 
ao 100 150 
98 99 95 go 


satistactory. 

Recovery of the solvent products 
from the stabilized hydroformate tor 
subsequent finishing is accomplished in 
a series of distillation towers known as 
the Intermediate Rerun Unit (Fig. 2). 
The major products from this unit are 
summarized in Table 4. 

The finishing steps applied to obtain 
toluene and xylenes from the distillates 
containing these aromatics follow much 
the same pattern as was employed dur- 
ing wartime operations, i.c., sulfur diox- 
ide extraction followed by acid treating 
and rerunning to obtain a heart-cut, 
color stable product. It is interesting 
to note that an approximate analysis of 
the product rerun unit feed on xylenes 
indicates that the xylenes consist of 
some 43% of the meta-isomer and 17% 
of the para-isomer, with the remaining 
40% being equally divided between 
ortho-xylene and ethyl benzene. Proc- 
essing of the higher molecular weight 
Cy aromatic distillate involves only 


TABLE 3.—BOILING POINTS OF VARIOUS GO AND Oe NAPHTHENES AND AROMATICS 


Aromatic Produced from Corresponding Naphthene 


1, 2, 3 Trimethy! Benzene 
1, 2. 4 Trimethy! Benzene 
1, 5, Trimethyl Benzene 
1 Methyl, 2 Ethy! Benzene 
1 Methyl, 3 Ethyl Benzene 
1 Methyl, 4 Ethyl Benzene 
Propy! Benzene 
1 
1 
1 
1 
1 
1 


sopropy! Benzene 

4 5 Tetramethy! Benzene 
5 Tetramethy!l Benzene 
8 Dimethyl, 5 Ethy! Benzene 
4 Diethyl Benzene 

Diethyl! Benzene 
1 Methyl, 2 Isepropy! Benzene 
1 Methyl. 2 Propyl Benzene 
n Butyl Benzene 
Isobutyl Benzene 
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BLP. of Compound, * F. 


Naphthene/1) Aromatic(1) 


293 340 
280 337 
2a5 326 
309 329 
32 
408 325 
S11 319 
306 
325 326 
332.340 345 
138 365 
345 349 362 
$33 357 
330 368 
363 
561 
357 338 
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TABLE PRODUCT STREAMS FROM STABILIZED HYDROFPORMATE 


Preduct 


Light hydroformate 
Nermal heptane distillate 
Toluene distillate 
Toluene concentrate 
Xylene distiliate 

aromatic distillate 
Heavy sromatics 


treatment with 98% H,SO, and redis- 
tillation to insure good color stability 
of the finished product. Production of 
the finished (yg aromatic fraction is 
accomplished from an aromatic distillate 
in a manner similar to that employed in 
obtaining the finished C, aromatic prod- 
uct, Le. acid treating and rerunning of 
the aromatic distillate 

Although the production of high 
purity toluene and xylenes for solvents, 
as outlined here, requires use of some 
type of precise extraction process, any 
efiner who might have a combination 
f hydroforming and distillation equip- 
nent may utilize them to recover from 
he hydroformate suitable 
or high quality motor or aviation gaso- 
ine. It is possible to segregate a toluene 
oncentrate that normally contains 60 
5% of toluene. This provides an ex- 
rellent blend stock for aviation gasoline, 


components 


ince in addition to containing toluene 
hat possesses an extremely high rich- 
mixture rating, the nonaromatic material 
n this boiling range is of a quality that 
s better than marginal base stock avail 
ble for blends. Further, the 
200° F light hydroformate 
also contains appreciable isohexane and 


aviation 
end-point 


hsoheptane fractions that may be recov- 
red by fractionation for use as aviation 
asoline blend stocks 
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Boiling Range, * F. % Aromatics 


2-3 
5~10 
45-50 
60-65 
55 65 
300 os 99 
450 and heavier oe 


As a’ member of the toluene tech- 
nical committee, I was in a posi- 
tion to watch the production of this 
unit raised from a design of 2500 bbl. 

day of nitration-grade toluene, initially, 
to a figure of 4700 bbl./day at the end 
of the war. The conversion of this unit 
from a wartime facility to peacetime 
use represents progress towards increas- 
ing our standard of living out of the 
product of an effort that, at one time, 
was considered expendable for war and 
military Incidentally, the 
Humble plant is unique in that it is 
the only one which employed liquid- 
liquid extraction for concentration and 
purification of toluene. Most other 
toluene plants, including those using the 
step, employed either 
azeotropic tractionation or, in a major- 
ity of cases, extractive distillation. 


purposes. 


hydroforming 


Can you charge a combined toluene- 
xylene stream to the sulfur dioxide ex- 
traction plant or is it necessary to batch 
these fractions through? 


C.H. Marshall: You can charge a 
For a 
time several years ago we were charg- 


combined toluene-xylene stream 


ing combined toluene-xylene distillate to 
the sulfur dioxide plant and separating 
them by distillation after solvent extrac- 


tion. 


G. E. Liedholm: Does this apply to 


the higher aromatics as well? 


C. H. Marshall: We have not tried 
that and I am not sure. 

G. E. Liedholm: Do you segregate 
the various xylene isomers after recov- 
ery in the liquid-liquid extraction plant? 


C. H. Marshall: You mean by cry 


some other means of 


stallization or 
separating the xylene isomers 


G. E. Liedholm: Yes 
C. H. Marshall: No attempt is made 


to separate the xylene isomers. 


Anonymous: Is there any commercial 
production of toluene from straight 
chain hydrocarbons? I bring up that 
question because there 
number of articles stating that cycliza 
tion of, say, normal heptane can be asec 
for the production of toluene. 


>. H. Marshall: I know of no com- 


mercial installation at present although 


have been a 
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there has been considerable laboratory 
work done on the cyclization of straight 
chain paraffins. 


Frank J. Smith (Pan American Re- 
fining Corp., Texas City, Tex.) : What 
is the treatment you give the C, and the 
Cyq aromatics? Is it a single acid wash 
or a double acid wash? 


C. H. Marshall: It is a double acid 
wash. The fresh acid is charged to the 
second stage and the acid sludge from 
this stage is then used in the first stage 
to treat the extract from the sulfur 
dioxide plant. 


F. J. Smith: What is the amount of 
the acid treat? Is it approximately 15 
Ib. /bbl. ? 


C. H. Marshall: Usually it is some- 
where between 10 and 20 Ib. /bbl. 


Charles W. Perry (Phillips Chem- 
Bartlesville, Okla.): What 
aromaticity and naphthenic contents can 
you stand in your feed naphtha? 


C. H. Marshall: You mean in the 
200-250° F. fraction? 


C.W. Perry: Yes. 


C. H. Marshall: We charge three 
different types of feed stocks—a highly 
aromatic virgin naphtha, a highly naph- 
thenic feed stock and a stock of high 
paraffin content. The highly aromatic 
feed stock contains about 23% methyl- 
cyclohexane and some 10-12% aromatics 
in the 200-250° F. boiling range. On the 
highly naphthenic feed, the naphthene 
content is about 34% of this 
with little or no toluene present. 


ical Co., 


fraction 
For 
the paraffinic feed stock, the methylcy 
clohexane content is in the league of 
15% with 2-3%% toluene in this fraction. 


C. W. Perry: Is there a limiting up- 
per methyleyclohexane content that you 
can use in the hydroforming process and 
get good yields of toluene ? 


C. H. Marshall: | don't know, al- 
though I can say that we have noticed 
no evidence of this in processing our 
feed stocks. 


Anonymous: What is the nature of 
the stream labeled heavy aromatics and 
what use is made of them? 


C. H. Marshall: The heavy aroma- 
tics stream on an Engler distillation has 
an initial boiling point of about 450° F. 
80% distilled at around 700° F. 
Presently, this stream is returned to the 
refinery for rerunning. The volume of 
this stream is rather small, being about 
0.5-1.0% of the hydroformer feed. 


with 


(Presented at Eleventh Regional 
Meeting, Tulsa, Okla.) 
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Council met for business during the Swampscott meet- 
In order counterclockwise around the table are: 
awe Wilde, Walter Whitman, M. G. Molstad, W. Burt, 

DeLong, W. L. McCabe. At head of table, 
SL tye T H. Chilton, C. G. Kirkbride, F. J. Curtis. 


meeti 
Gas & 


WHIMSY COEFFICIENT HIGH AT SWAMPSCOTT 


HE secret organization known as 
the “Republican and the New Deal 


Athletic and Debating Society” took 
charge of the A.LCh.E. regional meet- 
ing last month at Swampscott, Mass. 


The results were vastly entertaining, 
reaching a climax on Tuesday evening 
at a barn-dance attended by almost all 
at the meeting. The original members 
of the secret society, made known their 
identity via a badge of bearded codfish 
rampant with a Kelly green label pend- 
ant proclaiming the wearer “an original 
Ichthyologist,” one of the dozen chem- 
ical engineers who had, with humor and 
good fellowship, begun in 1931 the 
Boston Section of the A.IL-Ch.E. Most 
of the original twelve who founded the 
group were present at a Ichthyologists’ 
luncheon Tuesday noon at which the 
President of the Institute Warren 
McCabe, and all future presidents of 
the Institute, were elected a member of 
the Boston Local Section with the title, 
“Honorary Poor Fish.” This is in line 
with the philosophy of the present by- 
laws which specify members as Fish, 


and officers as Kingfish, Mackerel, 
Smelt and Shark. 
The original by-laws of the secret 


society were distributed and proved to 
be even more informal—specifying three 
classes of members, Economic Royalists, 
Forgotten Men and Honorary, the latter 
membership good only for six months 
and attained by purchasing of one round 
of refreshments for all members present 
at a meeting. Other rules of this unique 


constitution provided for a fiscal year 
start Oct. 7, 


which “shall which is 
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Harvey Skinner's birthday.” and “In 
case of the absence of the President the 
duties of his office shall fall on Jack 
Healy who is good-natured and won't 
mind.” 

Still good-natured, Jack Healy, as 
chairman of the committee on arrange- 
ments, benignly ran a huge, smoothly 
operating committee which housed, reg- 
istered and otherwise provided for the 
616 who turned out for the regional 
meeting. 

Officially the meeting was opened by 
Gustavus J. Esselen in an address of 
welcome on Monday morning. He called 
attention to the fact that chemical indus- 
try was an important part of the com- 
mercial life in the New England area. 
He said that 549 chemical plants were 
in operation there before World War II, 
employing 12,000 workers and adding to 
the value of the products made some 58 
million dollars. Today there are 681 
plants in the same district, with 28,000 
employees, and an added valuation of 
141 million dollars. This represents an 
increase through the war years of 141 
per cent. Historically, said Dr. Esselen, 
the Swampscott area is important to the 
chemical industry. The first tannery in 
the U. S. was opened in 1631, less than 
a mile from the site of the meeting hotel, 
and two years later, salt manufacture 
was started in Beverly. In 1700 the 
potash industry of Colonial times began 
at Ashburnham, the town name being 
descriptive of the process, and produc- 
tion finally reached a ton a day. 

At luncheon on Monday, Dr. Alfred 
P. Neal, vice-president and director of 


One of the novel features of the meeting was the small 
industrial exhibits in the lobby of the New Ocean House 
headquarters. Here T. E. Stretton of Eastern 
uel chats with Howard Hamacher of A. D. Little, 
Inc., in front of his company’s exhibit of oxygen generators. 


research of the Federal Reserve Bank 
of Boston, addressed the members on 
the prospects for a steel plant in New 
England. The prospects, as developed 
by the speaker were extremely favor- 
able. Dr. Neal pointed out that present 
fuel efficiencies in steel plants are mak 
ing a relocation of processing plants 
possible. A century ago, he said, five 
tons of coal were required for a ton of 
steel, and it was cheaper to move the 
two or three tons of ore to the coal, 
and then ship the pig iron or steel to 
the market. said, the 
trend is toward locating the steel plant 


Now however, he 


nearer to markets, rather than to coal 
supplies. This is largely due, he con- 
tinued, because of fuel economics. In 


place of five tons of coal for a ton of 
finished steel, a modern mill using a 
heavy scrap charge would require only 
1876 pounds of coal. Use of scrap is 
one of the reasons for such a saving 
he pointed out, and a good reason for 
moving a modern steel mill to the mar- 
ket is because the scrap is generated 
there. 

According to his estimate, the eco- 
nomist stated, a modern integrated mill 
in a New England location would re- 
quire for a ton of steel 0.938 tons of 
coal, 1.4 tons of ore and 0.825 tons of 
scrap. Adding to the above reasons 
favoring a New England mill, he 
argued that other changes are imminent: 
coking coals in West Pennsylvania and 
East Ohio are being exhausted, with 
better grades available at a distance in 
West Virginia and Kentucky ; the high- 
grade shipping iron ore of Minnesota is 
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being exhausted, with only 12 to 15 
years supply at present consumption 
rates; new discoveries of high grade 
iron ore have been made in Labrador 
and Venezuela. This all leads to one 
conclusion he claimed, New England is 
advantageously located to assemble the 
raw materials for making steel. The 
pomts in favor of this were as follows: 
The area has an advantage in distance 
as far as the Labrador ores were con- 
cerned, aml the distance from Palus, 
Venezuela, to New London, Conn., by 
boat 2232 miles and to Trenton, N. J., 
the distance was 2225. (Trenton is now 
being considered as the site of a new 
steel plant.) The slight disadvantage in 
the cost of coal, which would be about 
the same for the Chicago area would be 
offset by pressurizing of the blast fur- 
nace, a shorter ore haul, cheaper ore 
and cheaper scrap. This last item would 
amount to about $2.00 per ton of steel 
In addition, New England enjoys about 
the lowest-priced limestone in the coun 
try, in Dr. Neal's opinion 

One of the points touched on was the 
potential market in New 


steel 


England for 
According to the analysis 
amounts to 3% million 
strip and bars. It 
shown that the metal-working industries 


pre 
sented, it tons 


of sheet was also 
are the fastest growing in New England, 
the area does not yet make its share of 
automobiles, parts, refrigerators, ete., 
and these industries may be expected to 
grow m time 

The speaker concluded with the 
thought that while the idea may 
at first glimpse to be far-fetched, it was 
far enough along in backing so that 
such a mill could be expected in the 
area in the predictable near future. 


seem 


A.1.Ch.E. Reaches 10,000 Mark 


At this same luncheon, Warren L 
McCabe, the A.LCh.E. President, an- 
nounced that the Institute had passed 
an important milestone in its growth, it 
had passed the 10,000 mark in member 
ship growth, For the occasion he read 
10,000) member, 
Hullinger, chemical engineer 
Standard 
Imbana. Hullinger 
State University m 


a telegram trom the 
Lewis 
with the Company of 
a graduate of Ohio 
147 
with the company since his graduation 
called attention to the fact, in his tele- 
gram, that the growth of the 
Institute proot of the 
chemical engineers in industry 

At the Monday 
afternoon, psychological testing of engt- 
tables at the 


who has been 


steady 
Was place of 


technical meeting 


neers, a subject of 
Institute meeting mn 
Lick last vear, came in tor more discus 
sion Arthur | Miller and Paul C. 
Miller of Miller Associates of Boston 


reported on some of thet 


round 


Tulsa and French 


experiences 
in giving such tests 


Psychological tests can pick the good 


prospects for engineering jobs from the 
poor ones and can guide an engineer 
into the right kind of job for his own 
aptitudes, the two men said. 


For the record, since time has a 
habit of adding infinite variety, 
the Editor has been asked to list 
in this report of the Swampscott 
meeting the names of the original 
group who formed the Ichthyolo- 
gists in 1931. They are: 


A. L. Gardner 
A. D. Little* 
L.A. Pratt 
W. P. Ryan* 
H. J. Skinner 
R. 5. Weston* 


After outhming seven types of ability 
needed by the engineer they continued, 
“Of course, not all engineers 
large amounts of all 
ability 


possess 
types of 
important to 
recognize that not all engineering jobs 
require all abilities. 
are well filled by a 
cin’; other 
engineer.” 


seven 
However, it is 
seven Some jobs 
shde-rule_ techni- 
jobs require a top-flight 
No single test is satisfactory 
for determining an engineer's capacity, 
but a carefully designed combination of 
several tests have given highly profitable 
results 

The 
tests 


authors reviewed the kinds of 
now in use, saying that tests of 
skill with the hands are highly developed 
and quite accurate but that manual dex- 
terity is of so little impertance to engi- 
neers today that these tests are seldom 
used 

More important is the ability to vis- 
ualize spatial relationships, for which 
well-developed available. 
Mathematical ability is important, too, 


tests are 


and a variety of tests is available, de- 
pending on whether speed of thinking 
or complexity of thinking is more im- 
portant 

The ability to handle problems inde- 
pendently is important for engineers 
who deal with research problems; it is 
only recently that practical tests of high 
level ability to think abstractly have 
into use. Beyond the ability to 
handle problems independently is the 
ability to create new theories and laws 


come 


pioneering in unexplored phases of engi- 


neering. Tests for this ability in other 
fields have been developed but are not 
widely used in selection of engimeers 

A special problem is the selection ot 
good administrators from among eng: 
neers. This is a simple matter for the 
psychologists, whe have plenty of tests 
for administrators and can apply them 
in conjunction with the other engineer- 
ing tests 


The speakers listed four reasons why 
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young men go into engineering. One is 
that a scientific and engineering curios- 
ity is awakened at an early age, so much 
so that the boy engages in experiments 
on his own. Other boys identify them- 
selves with engineering or scientific 
heroes, such as Thomas Edison or 
Steinmetz. The third group is sent to 
engineering school by the advice of 
parents, teachers, or others and a fourth 
group feels that engineering is a good 
place to get a job. The best engineers 
are usually those for whom awakened 
scientific curiosity is followed by identi- 
fication with a hero and the benefits of 
good guidance. 

The boy who is not naturally curious 
cannot expect much stimulation from 
any technical school, the speakers said, 
adding that in both engineering and 
business education “it is possible to go 
through college and make high marks 
by using only rules and formulae. Too 
often engineering students have been 
prepared for college by being drilled in 
the application of rules and formulae of 
science and engineering rather than hav- 
ing been taught how to do some first- 
hand thinking along with the rules and 
formulae. Once in college, there is often 
no personal experience with conjecture, 
the making of hypotheses or theorizing, 
and only a memory contact with prin- 
ciples and laws for the purposes of 
passing quizzes and term examinations 
or quoting them in a ‘slide-rule level’ 
paper.” 

U.S. potash reserves will last a hun- 
dred years even at the present rate of 
consumption, according to N. C. White 
and ©. A. Arend, Jr., of the Interna- 
tional Minerals and Chemical Corp., 
speakers on the technical program. This 
vital fertilizer ingredient was so scarce 
during World War I that it had to be 
recovered from seaweed and smokestack 
gases, but discovery and development of 
deposits near Carlsbad, New Mexico, 
prevented another shortage in World 
War Il. The engineers reviewed the 
mining and refining of the potash ore by 
the three companies now operating in 
the Carlsbad area, and pointed out the 
excellent working conditions possible in 
The entire under- 
ground mine is clean, dry, well ventilated 
and lighted, with ample headroom. The 
temperature is even the year round at 
about 75°F and the colorings of the 
ore make the mine galleries a beautiful 
sight they The mining itself is 
highly mechanized, with the ore, broken 
by blasting, loaded by conveyors into 
electrically powered shuttle cars 


mining potash ore 


said 


Editor's Note: The deadlines for this 
issue came so close to the Swampscott 
meeting that the full story and all the 
meeting pictures could not be printed in 
this See next month's 


news 


section 
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ADVANCED Buflovak Evaporators offer the chemical  in- 
re dustry efficient evaporation of processing, high 
ae =, capacity and maximum recovery of solids. All 
3 ae of these because of advanced scientific design 
in every BUFLOVAK Evaporator! 
Modern design insures maximum capacity, 
virtually complete recovery of all solids, and 
low operating costs. Automatic controls main- 
tain a high level of operating efficiency, and 
simplify operation . . . all with their profit- 
building advantages. 


¥V HIGH RATE OF 
EVAPORATION 


¥ MAXIMUM 
RECOVERY OF SOLIDS 


¥ SIMPLIFIED 
OPERATION 


The BUFLOVAK Multiple Effect 
Evaporator that concentrates 
225,000 gals of product a day, 
illustrated here, is only one of 
BUFLOVAK’S long line of Evapo- 
rators, Dryers, Solvent Recovery 
and Distillation Equipment, etc. 
Plants today are using 
BUFLOVAK to great advantage. 
Write us for full details of our 
line of equipment. 


BUFLOVAK EQUIPMENT DIVISION OF 
1549 FILLMORE AVE., 11, 


i { ¥ 
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MONOBED DEIONIZATION 


NGINEERS in the water treatment 

and process industries are explor- 
ing a new idea in deionization, devel- 
oped by The Resinous Products Divi- 
sion of Rohm & Haas Co., Philadelphia, 
Pa., which promises to bring major 
changes to design and operating pro- 
cedures 

It is the Monobed technique, in which 
cation and anion exchange resins are 
mixed intimately in the same bed, the 
solutions to be deionized or demineral- 
ized are passed through, and after ex- 
haustion, the resins are separated hy- 
draulically and then regenerated in the 
same unit in which the exchange takes 
place. Heretofore, deionization required 
the passage of the liquid to be treated 
through a series of separate beds of 
exchange material, with regeneration 
being carried out in these separate units. 

Already several engineering firms in 
the water conditioning field have worked 
out the design problems of backwashing, 
regeneration, and mixing of the resins, 
and have built exchange units as large 
as 4 ft. in diameter 

After exhaustion of the resins, the 
intimate mixture is hydraulically separ- 
ated, since the anion exchanger is 
lighter than the cation exchanger. Then 
the anion exchanger is regenerated by 
sodium hydroxide or other alkali and 
rinsed. The cation exchanger is next 
regenerated by sulfuric acid introduced 
by means of a distributor located at the 
boundary between the two resin zones. 
After another rinsing, the resins are re- 
mixed by air from jets at the bottom 
of the bed. 

Advantages of the new method over 
conventional 2-bed deionization accord- 
ing to Rohm & Haas spokesmen are 
lower cost of operation, lower cost of 
equipment, case Of operation, controlled 
quality of effluent, lower rinse require- 
ments, uniform periormance im inter- 
mittent service, sharp break-through of 
ionic solids at endpoint, relative inde 
pendence of quality of effluent from con 
centration of influent and level of regen- 
eration, maintenance of a_ relatively 
neutral pH during deionization 

Rohm & Haas plans to develop six 
Monobed combinations, some of which 
it recognizes as potentially more useful 
than others. Initially, the new concept 
was developed specifically for applica- 
tions requiring water of extremely high 
quality for such uses as the deposition 
of television phosphors, the dilution of 
hydrogen peroxide, etc. A combination 
of Amberlite /RA-400, a strongly basic 
anion exchanger, and Amberlite 7R-120, 
a strongly acidic cation exchanger, is 
used in the first Monobed. Water 


(Continued on page 20) 
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Problem: Yon to protect 


tanks at atmospheric 
pressure from fires 


Combination Vent Valve — 
FLAME ARRESTOR Isolates inflammable 
Materials from Fire 


Note the tanks in the lower left of the above fire scene photo- 
graph. These tanks and valued contents were saved because 
they were equipped with BS4B Vent Valve FLAME ARRESTORS. 
The device acts instantly to eliminate tank fires. 


The BS&B Vent Valve FLAME ARRESTOR. may enable you to 
receive a reduced insurance rate. It will pay you to investigate. 


bod 
7 | 
:  Kenses City Tulse Oklehome City 
| 
| 
FREE CATALOG FOR YOU 
This new BS4&B Catalog for the Chemi- 
Sar story on Vent Valve-Flame Arrestors 
and acquaint you with many other 
| 


The BS&4B FLAME ARRESTOR is a neat, compact 
unit which becomes an integral part of the BS&B 
VVFA Vent Valve. It adds the advantage of fire con- 
trol. The Arrestor bank prevents propagation of 
flame into your tank. Valve is designed to function 
under internal pressure or vacuum. Any volatile 
material held in tank storage without proper protec- 
tion is a potential bomb. 

Flame cannot penetrate the honey-combed construction of 
the all aluminum BS&4B FLAME ARRESTOR bank. The BS&B 
Vent Valve FLAME ARRESTOR operates automatically and 
requires no hand snuffing or manual attention. It is quickly 
removed .. . for cleaning or replacement. 


Chemical plant executives, engineers and superintendents 
are especially invited to investigate the new BS&B Vent Valve 
FLAME ARRESTORS. We will be glad to show the proven 
protection these units give. There is no cost or obligation . 
just mail the coupon below. 


and 6 inch sizes 
mum 0.5, maximum 1.75, and vax cuum opening (ounces). 0.5. 

Vecuum Vent Valve (Does not include Arq hs 
testor bank) Used as secondary relief valve or, as primary ia 
teliet valve where A:restor bank is not requir hes 


internal 


COMBINATION VENT VALVE 
flame arrestor 


) mink 


Valve 


Opening Pressure Ounces Vacuum 


is 


NOTE: Pressures in this table are for cast aluminum cover, 
end they will differ trom 
tequire a manufacturing tolerance of plus or minus 5 per 
cent. Vacuum opening can be increased 


other metals. Pressure 


FLAME 
ARRESTOR 


ee 
e 
| 
a 
49 
e | 
SS 
— - 
num. 2 Body — Cast imum Ounces 
i Iron. 3. Flame Arrestor Bank 
—Rolled Aluminum. 4. Plug— | 
Synthetic Rubber. 5. Arrestor + | 
] Spring — Steel. 6. Retaining | 
Ring—Aluminum. 7. Vocuum 
Ring—Steel. 8. Retaining Ring 
Spring—Steel. 9. Hinge Pin 
—Stainiess Steel. — 
! NOTE: Bolt circle corresponds = 
to 150 ASA unless special | 
drilling specified. 
Block Sivells & Bryson, inc., 720 Delewore 
FREE ANALYSIS WITHOUT OBLIGATION Section 2-92-6, Kensas City, Me. 
Please send me new SAFETY HEAD catalog when ready. 
Tim Myers. Sales Manager will have (© Please have a BS4B SAFETY HEAD engineer analyze my relief 7 
@ BS&B engineer analyze your volatile without! cost, t as. 
materia! tanks and submit suggestions . 
Kansas City. Mo. Do it now! nee 


The new $4,000,000 research center of wy te By the Sterling Winthrop 
Research Institute, was formally dedicated at sselaer, N. Y., in ceremonies on 
May 17-18. The Sterling Winthrop Research Institute will serve all units of Sterling 
Drug, Inc., and will provide complete facilities for research in organic chemistry, 
biochemistry, pharmacology, virology and other branches of medical science. A 
jlot plant of glass-lined and stainless steel equipment with still-kettles of 5- and 
gal. capacity is available for developing production methods to be used in full- 
scale manufacturing processes. 


ROCEEDINGS AVAILABLE 
FOR GENERAL PURCHASE 


The Proceedings of the First National 
ir Pollution Symposium, Nov. 10 and 
1, 1949, Pasadena, Calif., sponsored by 
tanford Research Institute in cooper 
tion with California Institute of Tech 
Mlogy, University of California and 
‘niversity of Southern California, are 
ow available. 

Proceedings of the Second Annual 
jorthern California Research Confer 
nee, Jan. 11, 1950, San Francisco, 
alif.. sponsored by San Francisco 
hamber of Commerce, University of 
‘alifornia, Stanford University and 
tanford Research Institute, are also 
vailable 

The two sets of proceedings were 
ublished April 1, 1950. Following dis 

tribution to the subscribing members 
the published proceedings are now avail 
able for general purchase, Orders may 
be placed immediately with the public 
relations office, Stanford Research In 
stitute, Stanford, Calif. Proceedings of 
the First National Air Pollution Sym- 
posium covering 149 pages cost $2.50. 
Proceedings of the Conference cover 66 
pages and are priced at $2.00 


SILLIMAN CHAIR IN 
CHEMISTRY FOR CARNEGIE 


\ new professorship in chemistry has 
been established at Carnegie Institute of 
Technology through a grant by the Gulf 
Oil Corp., according to a joint an 
nouncement by Robert E. Doherty, 
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president of Carnegie, and Sidney A. 
Swensrud, president of Gulf. 

The new chair, supported by a grant 
of $15,000 per year, will be held by 
Dr. Frederick D. Rossini, currently 
chief of the thermochemistry and hydro- 
carbons section of the National Bureau 
of Standards and recently appointed 
head of Carnegie’s chemistry depart- 
ment. Dr. Rossini, a Carnegie alumnus 
and A.L.Ch.E. member, will join the 
faculty on July 1. 

In the announcement, President Do- 
herty said that the new chair will be 
named for Benjamin Silliman, who was 
one of the country’s most distinguished 
scientists during the 1800's and a pio- 
neer in the chemistry of petroleum re- 
fining 


MONOBED DEIONIZATION 


(Continued from page 18) 


whose electrical resistance is 15,000,000 
ohms per centimeter can be prepared by 
passing raw water through this mixture, 
designated Amberlite MB-1.  Appar- 
ently, the resins intimately mixed are 
analagous to an infinite number of alter- 
nate cation and anion exchanging units. 
The result is elimination of leakage 
(minimized in conventional deionization 
by using four or more alternating 
units ) 

MR.2 is the combination now being 
developed most extensively. It is a mix- 
ture of Amberlite /RA-410, a new, 
strongly basic anion exchanger, and 
Amberlite /R-120. It is expected that 
this combination, which produces water 
of somewhat lower quality than that 
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produced by MB-1 will be used for pre- 
paring feed water for’ high-pressure 
boilers, where silica must be removed. 

MB-3 is a dyed version of MB-2 des- 
tined to be used by the ultimate con- 
sumer of small quantities of deionized 
water. Its blue color turns to brown as 
the resin becomes exhausted. 

The fourth combination, M B-4, makes 
use of /R-120 and /R-45, a new, weak- 
base anion exchanger. This combination 
will find use in preparing water for 
boilers which will tolerate silica, not re- 
moved by the weak-base component of 
the mixture. Sodium carbonate or am- 
monia can be used to regenerate the 
anion exchanger in MB-4. 

In special applications where acid- or 
base-sensitive materials are processed, 
MB-S5 will be used. Composed of 1/RA- 
410 and 1RC-50, a weak acid exchanger, 
it will operate at a pH of 7 or above 
in the deionization of whey, rubber 
latices, or sugar solutions. 

The final combination, MB-6, will 
make use of weak acid exchanger 
1RC-50 and weak base /R-45. Because 
it can be regenerated at nearly 100 per 
cent efficiency, it may prove to be the 
economical answer to the partial deion- 
ization of brackish waters or the treat- 
ment of industrial mineral wastes. 


PERMANENT MAGNET-TYPE 
MICROSCOPE OF R.C. A. 


This first permanent magnet-type 
electron microscope was shown last 
month by the Radio Corporation of 
America. The new model, much reduced 
in size over other models is only 30 in. 
high, and will cost about $6000. A mag- 
nification up to 6000 diameters is pos- 
sible. The unit has a 50,000-volt po- 
tential, the same as the larger models. A 
feature is the introduction of permanent 
magnets to energize the magnetic fields 
that focus the beam of electrons used in 
place of light. Control unit at right pro- 
vides of vacuum and electrical 
values. 


(More Industrial News on page 27) 
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Standard steam jacketed batch dryers 


Bartierr-snow STEAM 
JACKETED BATCH DRYERS 
are ideally used for drying small 
lots of various chemical salts, wood 
flour, tankage and similar materials. 


Standard low cost style A dryers 
consist of a short vertical cylinder 
about 30 inches high with flat top 
and bottom. The top is closed, and 
is provided with a vapor outlet fan 
and charging door. The sides and 
bottom are steam jacketed in accord- 
ance with A.S.M.E. codes for steam 
pressures up to 100 p.s.i. in the jacket 


ARTLETT 


- SNOW 


CLEVELAND 5, OHIO 


and 15 Ibs. vacuum in the vessel. A 
two-armed cast steel sweep, keyed 
to the bottom of a center shaft, 
agitates the charge to prevent local- 
ized overheating and discharges the 
material through a door in the side 
after drying has been completed. 
Power requirement ranges from 5 
to 15 HP depending upon the size 
and weight of the batch. Standard 
drive arrangements include; tight 
pulley, silent chain, V-belt or a heavy 
duty four speed transmission. Three 
standard sizes, with drying chambers 


6’, 8’, and 10’ in diameter, and capac- 
ities of about 1200, 3000. and 6000 
pounds per charge, can usually be 
shipped promptly. 


Send for a copy of Bulletin No. 89. 
It describes the scope of our service 
in detail, and let the Bartlett-Snow 
heat processing engineers work 
with you on your next drying, 
cooling, or calcining problem. The 
C. O. Bartlett & Snow Company, 
Cleveland 5, Ohio. Engineering 
representatives in New York, Balti- 
more, Detroit and Chicago. 


DRYERS +» COOLERS +» CALCINERS + KILNS 


Designing and Contracting Engineers. 


COMPLETE MATERIAL HANDLING EQUIPMENT FOR ANY REQUIREMENT 
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MARGINAL NOTES 


News of Books of Interest to Chemical Engineers 


A Frayed Third Thread 


of Robert A. 
kan. Prentice-Hall, Inc., New 
(1950) 311 pp. $4.50. 


Reviewed by James G. Vail, 
President, Philadelphia Quartz 
Philadelphia, Pa 


HREE main threads in this volume 

deserve the attention of scientific 
men. It is well written, replete with 
anecdote and its story of the full and 
active life of an exceptionally able man 
is good reading. 

The personal success of a boy born 
to pioneer parents in 1868, though not 
without parallel in American history, is 
full of human interest. Robert Milli- 
kan’s endowment consisted of good 
health, mental vigor and an urge to 
push out the frontiers. It sustained 
great labors which brought him recog- 
nition as a teacher, writer, investigator 
and participant in the development of 
two of our foremost institutions of 
higher learning. As a man of action, he 
achieved great responsibilities and great 
recognition, The disciplines involved 
command universal respect. Told with 
modesty and touched here and there 
with the spark of humor, it is a stimu- 
lating human document 

The second thread is the rise of mod- 
ern physics. Here one meets, as living 
nearly all the men of 
name and sees the funda- 
mental contribution of his own research 
im course of evolution. The chapter 
“My Oil-Drop Adventure (e)” is a 
lucid and thrilling account of the proc- 
esses by which he demonstrated for the 
first time the unitary nature of elec 
trons and counted them “with exactly 
as much certainty as he can attain in 
counting his fingers or his toes This 
was a principal contribuiion cited in the 
award of the Nobel Prize in 1923. The 
interplay of work and discussion which 
has carried physics to its present high 
development within the 
human life 
one of the 
which 
reading 

About a third of the 
extracurricular 
eye tor the 


personalities, 


memorable 


span of a single 
as seen through the eves of 
principal actors is 
alone makes the 


a drama 
account worth 
book deals with 
activities. He has a keen 
influences 


simister which 


have eventuated in two world wars and 
threaten a new cataclysm of incredibly 
greater import for the human race. His 
formula for meeting the situation is 
more and greater power. His personal 
religion leads him to speak of “world 
loyalty” and the sacrifice of life itself 
for the common good. He sees no con- 
flict between science and religion, with 
which most of us can agree, but the 
pacifism of Jesus and Gandhi he regards 
as impractical. The dilemma of an ideal 
of personal morality and corporate vio- 
lence seems to leave him undisturbed. 
His belief that atomic weapons are the 
greatest contribution to a peaceful world 
makes this reviewer doubt his compet- 
ence to read history or understand the 
urgency of new techniques in human re- 
lationships. The fear argument has been 
used in support of every major military 
invention. 

As philosopher and man of religion, 
one has the feeling that creative imag- 
mation such as that which character- 
izes his scientific work is lacking. His 
supreme right to speak as a scientist 
does not confer equal authority in other 
areas, even when his views are stated 
with equal assurance. 

Thoughtful readers will still be look- 
ing eagerly for leadership toward a 
moral world as bold and original as that 
which abandoned obsolete concepts of 
the atom. 


For the Nuclear Physicist 


(1949) $2.50 


Reviewed by John R. Huffman, Ar- 
gonne National Laboratory, Chicago 80, 


HE Trilinear Chart of Nuclear 
Species, when properly assembled, 
presents on a single panel the syste- 
matics of and physical-constants data 
for all experimentally identificd nuclear 
species known from information avail 
able in June of 1949. Each isotope, 
either natural or artificial, of every 
element appears on the chart. 
The trilinear coordinate grid has been 
developed from a rectangular plot, hav- 
ing A-Z (number of neutrons) as the 
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ordinate and Z (atomic number) as the 
abscissa by compressing the ordinate- 
abscissa angle to 60°, then rotating the 
entire graph clockwise 30°. On this tri- 
angular plot each single nuclear species 
is represented by a hexagon. By this 
method a simultaneous plot, with equal 
emphasis, of A vs. Z, A-Z vs. Z and 
A-Z vs. A is obtained. 

By means of various background and 
insert colors, use of black or white nu- 
merals in the hexagons and other sym- 
bols, considerable information on each 
species is presented. These data include: 
relative abundance of atomic 
mass, angular momentum, magnetic di- 
pole, slow neutron cross sections, half- 
life, modes of disintegration, branching 
energy of radiation, modes of 
production and genetic relationships. 
The majority of the known nuclides are 
radioisotopes, artificially produced by 
particle bombardment or through the 
resulting decay chains. 

For scientists and engineers concerned 
directly with nuclear physics, nuclear 
chemistry, and radioactivity these charts 
will be of value. For easy use they re- 
quire some study in order for one to be- 
come familiar with their form and con- 
tents. Data for many of the nuclides 
will be outdated in a short time due to 
fairly active experimental work in these 
fields. 

Persons interested in normal chemical 
and engineering fields will find little of 
technical value. For them the charts 
contain much data which are seldom re- 
quired. 


isot 


ratios, 


Books Recently Published 


Germany 1947-1949 — The Story in 
Documents. Department of State Pub- 
lication 3556, European and British 
Commonwealth Series 9. Division of 
Publications. U. S. Government Print- 
ing Office, Washington 25, D. C. 
(1950). 632 pp. $3.25. 


This compilation was prepared by 
Velma Hastings Cassidy, of the Divi- 
sion of Historical Policy Research, Of- 
fice of Public Affairs, with the collabo-4 
ration of the Bureau of German Affairs. 


Biological Studies with Polonium, 
Radium, and Plutonium. National 
Nuclear Energy Series VI-3. Editor 
Robert M. Fink. McGraw-Hill Book 
Co., New York (1950) 412 pp. $3.75. 
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aie 
Vice 
Co., 
Trilinear Chart of Nuclear Species. Wil- 
1 liam H. Sullivan. John Wiley & Sons, 
Inc., New York 16, N. Y. ist Edition 
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CELANESE’ 
FLAKE 
FORMALDEHYDE 


...it may be just what 


your processing needs 


Are you searching for processing shortcuts? Flake 
Formaldehyde, developed by Celanese, may supply 
the answer to your problem as it has for many proc- 
essors in fields ranging from modified and high solids 
resins to fine chemical synthesis. 

Flake Formaldehyde is formaldehyde in its most 
available and easily stored form. Its low water con- 
tent—less than 9%—is a necessity where almost an- 
hydrous conditions are required and a time and 
money saver when water must be removed from the 
final product. 

In addition, Celanese* Flake Formaldehyde elimi- 
nates the need for heated formalin storage tanks. It 


ALDEHYDES - 


GLYCOLS - 
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is available in multiwall bags and fibre drums... 
offers easy, dustless handling. 

We'd like to talk to you about your particular 
problems . . . tell you about other advantages that 
flake has to offer. Call your Celanese representative, 
or write: Celanese Corporation of America, Chemical 
Division, Dept. 44-F, 180 Madison Ave., New York 16. 


“CHEMICALS 


*Reg. U. 8, Pat, Of. 
SOLVENTS 


KETONES + PLASTICIZERS «+ 
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LOCAL SECTION NEWS 


SYMPOSIUM 
Marketing New Products 


A symposium on the Development and 
Marketing of New Chemical Products 
was held in Cleveland, Ohio, at the Ho- 
tel Hollenden, April 14, 1950. It was 
sponsored by the Cleveland, Ohio Val- 
ley, Detroit, Pittsburgh, Central Ohio 
and Akron Sections of A. I. Ch. E. and 
was attended by about 200 people. In 
addition to delegates from these sections 
a large group came from Toledo 

Consonant with the subject of the 
symposium the problems discussed were 
along the lines of the ability to market 
products of chemical and allied in 
dustries. 

\ “Welcome to Cleveland” 
livered by R. L 
Chairman, with introductory remarks by 
J. H. Koffolt. A luncheon talk, “Who, 
What and Why of Selling.” was given 
Frank A. Kolb 

All papers presented at the meeting 
were listed in the March issue of 
C. E. P., p. 34. Preprints of the papers 
are available at $1.00 for the complete 
book Requests should be sent to 


Dr. R. L. Savage 
Case Institute of Technology 
University Circle 
Cleveland 6, Ohio 


Reported by J. R. Crosby 


was de 


Savage, Symposium 


SOUTH TEXAS 


A meeting was held April 21, San 
acinto Day, at the Texas A. and M 
t College Station, Tex. The first event 
m the program was a conducted tour 
through the teaching and research fa 
cilities of the chemical engineering de 
partment at Texas A. and M. and 


through the Memorial Student Center of 
Texas A. and M. now nearing comple 
tion on the campus 

The speaker for the meeting was M. 
i. Leavenworth, manager of the Dal- 
las office of Dow Corning Corp., who 
gave a demonstration talk on “Silicones 
at Work in Industry.” 

At the conclusion of the technical pro 
gram the group adjourned to the home 
of Dr. J. D. Lindsay, head of the de 
partment of chemical engineering at 
Texas A. and M. and past chairman of 
for a social hour and barbe- 
\ feature of the social hour 
was a musical program by a western in- 
strumental quartet comprised of mem 
Texas A. and M. chemical 
staff 


the section, 
cue dinner 


bers of the 
engineering 


Reported by G. T VcBride, Jr 


WESTERN NEW YORK 


Dr. J. H. 


cal engineering at 


Rushton, director of chemi- 
Institute of 
and director of research for 


Illinois 
Pechnology 
Mixing Equipment Co., addressed this 
section on April 20 at the Hotel Shera 
ton in Buffalo. Dr. Rushton discussed 
the factors influencing the 
liquids, 
Motion pictures and slides were used to 
illustrate 

The election of officers for the com 
ing year resulted in the following selec 


mixing of 
solids and gases with liquids. 


flow patterns 


trons 


Arthur Cerda 
Ear! Mirus 
James Trovan 


( hawman 
\ecy.-Treas 
Directors 
John J. Rieck, William Mitchell, 
Noah Davis 
Technical Societies 
(Council Rep.) Matt Weber 


Reported by Earl C. Mirus 


OHIO VALLEY 


At its annual meeting on May 1, 1950, 
this section elected the following offi- 
cers for the 1950-51 term, beginning in 
September, 1950: 

Chairman—Alex C. Brown, Emery In- 

dustries, Inc. 
Vice-Chmn.—Raphael Katzen, 

Copper & Supply Co 
Treas.—Theodore B. Wiehe, Schenley 

International 
Secy Arthur C 

Distillers, Inc. 


Vulcan 


Greber, Scheniey 


Following the business meeting, two 
papers were delivered by students of the 
University of Cincinnati. William F. 
Pansing of the Graduate School spoke 
on “Solvent Extraction, Mechanism of 
Solute Transfer.” A paper on the “De- 
sign of a Chromium Waste Disposal 
Process” was delivered by William B. 
Taylor, a senior student in the chemical 
engineering department. 


Reported by A 


C. Greber 


NEW ORLEANS 


The Louisiana Council of Engineers 
met im New Orleans April 3 to recon- 
sider the Professional Engineers Regis- 
tration Law. Representatives were pres- 
ent from this section and from many en- 
gineering The two most im- 
portant points were in the definition of 
professional engineering and in the ex- 
being re- 
original 


societies 


perience 
quired after graduation. The 
draft of the bill passed by the legisla- 
ture in 1948 conformed to the experi- 
ence requirements of the Model Law 
but this was changed by the legislature 
itself. It was voted unanimously to in- 
troduce the same version of the bill that 
was passed in 1948. 


Reported by R 


requirements—none 


WM. Persell 


SPEAKERS OF MARKETING SYMPOSIUM HELD IN CLEVELAND APRIL 14 


Morning program, left to right: F. O. Calhoon, Disco Co.: 
G. Thiessen, Koppers Co. Inc.; W. D. McElroy, Pitts- 
burgh Consolidation Coal Co., R. D. Aylesworth, Emery 

Industries, Inc. 


Co.; J. F. 


Afternoon left to right: H. J. Barrett, Du Pont 


attelle Memorial Institute, H. E. Balz, 
Glass Fibers, Inc. 
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DETROIT JUNIOR GROUP 
The Detroit Junior Group met May 2 
and heard Dr. E. C. Pattee, consulting 
engineer, discuss “Waste Disposal.” Dr. 
Pattee stated that, in general, an indus- 
try has three alternatives to consider 
when faced with a disposal problem. 
These are: (1) investigation of the 
process to see if the problem can be 
eliminated or minimized by a change in 
the process, (2) recovery of the waste 
for use in a second process, and (3) the 
actual satisfactory disposal of the waste. 
In many cases the former two alterna- 
tives have actually proved profitable to 
the industry and several examples were 
cited by Dr. Pattee 

This group met April 4 and heard 
R. G. Angle speak on “Problems in Au- 
tomotive Finishes.” Mr. Angle of the 
Du Pont Co., discussed first the basic 
formulae for lacquers and synthetic 
enamels, then the usual method of ap- 
plication, and finally the problems oc- 
curring both in the plant and in the 
field 
Reported by P. A. Lenton 


EAST TENNESSEE 


At the twenty-fifth general meeting 
held May 2 in the foremen’s conference 
room of the Tennessee Eastman Corp., 
Kingsport, 26 members were present. 

Phillip Frenau, chief engineer of the 
steam jet ejector department of the El- 
liott Co., Jeannette, Pa., discussed the 
characteristic performance curves of 
steam jet ejectors. He mentioned the 
design problems involved in getting 
ejectors of special characteristics; fur- 
ther he stated that with an ejector of 
known characteristics, the ejector could 
be used as a meter where other metering 
equipment is impractical 


Reported by R. H. Morrison, Jr 


COASTAL GEORGIA CHEMI- 
CAL ENGINEERING CLUB 


An organizational dinner meeting of 
the chemical engineers in the coastal 
Georgia section was held April 28 in Sa- 
vannah. In attendance were approxi- 
mately 35 persons from Savannah, 13 
from Brunswick, and four from 
Charleston, S. C. 

E. P. Tait of Alloy Steel Products 
Co. gave a talk on corrosion in the 
chemical industry. 

Following Mr. Tait’s speech a short 
business meeting was held at which J. R 
Lientz, general superintendent of the 
pulp and paper division, Union Bag and 
Paper Corp., acted as chairman. 


Reported by E. O. Barnes 


(More Local Section News on page 33) 
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DOWTHER 


THE HEAT TRANSFER MEDIUM 
FOR HIGH TEMPERATURES 


for simplicity in operation 


Process men in countless industries appreciate Dowtherm for its simplicity 
of operation! 


Dowtherm is convenient—saves time, materials and equipment. And mainte- 
nance is a minor factor in Dowtherm systems. A single vaporizer can be used 
simultaneously for several different temperatures merely by throttling the 
vapor at each heating application. 


Where your operations require accurate heating in the 300-700° F. range, 
use Dowtherm. Write for complete information about Dowtherm and its 
application. 


THE DOW CHEMICAL COMPANY « MIDLAND, MICHIGAN 
New York « Boston « Philadelphia « Washington + Atlanta 
Cleveland + Detroit « Chicago « St. Louis « 

San Francieco « Los Angeles « Seattle 
Dow Chemical of Canada, Limited, Toronto, Canada 


Dow 
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ship in A.L.Ch.E 


Election to membership shall be by vote of 
the Coancil recommendation 


of the Com 


CANDIDATES FOR MEMBERSHIP IN A.1.Ch.E. 


The following is a list of candidates 
for the designated grades of member- 
recommended for elec- 
tion by the Committee on 
These names are listed in accordance 
with Article III, Section 7, of the Con- 
stitution of A.L.Ch.E. which states: 


mittee on Admissions 


of applicants for Student membership, shall be 
listed in an official publication of the Institute 
Admissions. if ne objection is received in writing by the 
Secretary within thirty days after the mailing 
date of the publication, they may be declared 


APPLICANTS FOR 
ACTIVE MEMBERSHIP 


~ L. Baird, Waltham, 


ass. 

M. E. Barker, Fayetteville, 
Ark. 

Jack R. Caddell, Wilming- 
ton, 

Frank E. Caddy, Houston, 
Tex. 


R. M. Camp, Associated, 
Calif. 


Fred B. Crist, Chicago, il. 
T. Dalton, Collinsville, 


John F. Frank, Jr., Charles- 


ton, W. Va. 
James 5S. Gilliam, Stamps, 
Ark. 


J. A. Grant, Newark, Ohio. 

P. N. Hall, Midland, Mich. 

David W. Ni- 
agra Falls, N. Y. 

Charles R. Holman, Mil- 
waukee, Wis. 

Leo Leonhard Holzenthal, 
New Orleans, 

William G. Hughes, Plain- 
field, N. J. 

James G. Hunter, Home- 


John H. 
mond, 


B. Kats, Chicago, 


Johnsen, Ham- 


L. B. Kuhn, Pottstown, Pa. 

Sidney Kuniansky, Falls 
Church, Va. 

Richard M. McGhee, Terre 
Haute, Ind. 

Ernest O. Ohsol, Pittsfield, 
Mass. 


Rudolph J. Oxol, Union, 
N. J. 


Paul J. Peltier, Wilming- 
ton, 

Fred H. Poettmann, 
Bartlesville, Okla. 

L. G. Rodgers, Tulsa, Okla. 

Paul W. Se. 
Albans, Va. 

James H. Charles- 
ton, W. Va. 

Robert Schultz, Niagara 
Falls, N.Y. 

W. H. Tonn, Jr., Houston, 
Tex. 

John H. Wardwell, Mid- 

, Mich. 


Wm. H. Weed, Baltimore, 
Md. 


APPLICANTS FOR 
ASSOCIATE 
MEMBERSHIP 


Carl M. Aikele, Houghton, 
Mich 


ch. 

Julius T. Banchero, Ann 
Arbor, Mich. 

J. K. Dixon, Houston, Tex. 

George H. Duckworth, East 
St. Louis, 

Henry H. Gilman, Ruther- 
ford, N. J 


Nathaniel J. Heyward, Bal- 
timore, 
Charles E. Knox, Houston, 


Tex. 

Thomas H. Moore, Ridge- 
field Park, N. J. 

Harry F. Tew, Borger, Tex. 

Elmer M. Thomsen, Con- 
cord, Calif. 


APPLICANTS FOR 
JUNIOR 
MEMBERSHIP 


James A. Amend, Wauke- 
gan, /il. 

Harold W. Anway, Jr., St. 
Lewis, Mo. 

Harry J. Aroyan, San 
Pablo, Calif. 

Albert B. Baker, Freeport, 
Tex. 

Ralph W. Baker, 
Rouge, 

James E. Berryman, Dallas, 
Tex. 

John Blickman, 
La 


Baton 


Harvey, 


R. L. Booth, Tacoma, Wash. 

Henry C. Bramer, Pitts- 
burgh, Pa. 

Rufus C. Brock, Rome, Ga. 

Earl 7, Brockman, Lan- 
sing, fil. 

John W. Brunk, Baltimore, 
Md. 


Thomas S. Burns, 
Savannah, Ga. 

A. G. Clark, Jr., Gary, Ind. 

Robert G. Wilming- 


Herbert J. Deane, Talea 
Okla. 


Tyre H. Dinwiddie, Jr., 
Alameda, Calif. 


The names of all appli- 
cants who have been approved as candidates by 
the Committee on Admissions 


elected by vote of Council 
election of any candidate is received by the 
Secretary within the peried specified. said ob 
jection shall be referred to the Committee on 
Admissions. which shall investigate the cause 
for such objection, holding ali communications 


If an objection to the 
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other than those 


Alfred F. ‘Morgan- 
town, W. Va. 


Garelis, Jamaica, 


Clarence R. Garrett, Louis- 
ville, Ky. 

Lavigne K. Gatzke, Baton 
Rouge, 

Edward A. Geiss, So. Heol- 


land, 
Gerald M. Goodman, 
Chicago, 


Robert J. Groben, Niagara 
Falls, 

Gerard Andrew Haefeli, 
Linden, N. J. 

George N. Havens, Euclid, 
Ohio. 

T. Craig Long 
Beach, Calif 

Arthur B. Hiser, Beaumont, 


ex. 

Edwin J. Jablonski, Wash- 
ington, D. C. 

Kent Jander, Washingt 
D.C 


Wilbur William Kennett, 
Eaton Rapids, Mich. 
Come W. Knapp, Chicago, 


Alexander M. Lane, So. 
Ozone Park, 

William A. 
Alamos, 

Norman J. Matchett, Wil- 
mington, Del. 

John W. May, Bartlesville, 
Okla. 


Lynch, Los 
M. 


Nanalal C. Mehta, Ann 
Arbor, Mich. 
Don Erve Mueller, St. 
Louis, Mo. 


Sandford D. Neely, Louis- 
ville, Ky. 

Robert F. Nootbaar, La 
Grange, lil. 

Frank B. Odasz, Jr., Cody, 


Wyo. 
D. T. Parks, Port Arthur, 
Tex 


Minecher K. N. Patell, New 
York, 

a L. Patt, Chicago, 

Richard R. Roberts, Somer- 


of the Secretary, 


in confidence, and make recommendations to the 
Council regarding the candidate 


Objections to the election of-any of 
these candidates from Active Members 
will receive careful consideration if re- 
ceived before July 15, 1950, at the Office 
American Institute of 
Chemical Engineers, 120 East 41st St., 
New York 17, N. Y. 


James R. Rooney, Louis- 
ville, Ky. 

John Santos, Lodi, N. J. 

Robert E. Sattler, Aruba, 
Curacao, N. W. /. 


Schaschl, Chicago, 


John C. Schmitt, Floral 
Park, N.Y. 
Edward J. Tea- 


Anker V. Sime, Los Ange- 
les, Calif. 

Harold R. Skeels, Cleve- 
land, Ohio. 

Slifer, St. Louis, 


Snyder, Columbus, 
Charles F. Stafficker, Vine- 
land, N. J. 


— Stern, Baltimore, 
Donald A. Stiff, Whiting, 
Ind. 


Herman James Streich, 
North Warren, Pa. 

L. V. Subba Rao, Bommu- 
luru, S. India. 

Sarat K. Vakil, Saurashtra, 
ndia. 

D. Venkateswarlu, Cincin- 
nati, Ohio. 
James W. Voltz. Jr., 
Moundsville, W. Va. 
Otis J. Waguespack, New 
Orleans, 

Norman R. Wallner, Ham- 
mond, 

Kenneth E. Wattman, Chi- 


Arthur T. Welborn, St. 


Richard J. Wenstrup, 
Cheviot, Ohio. 

Harold B. Whitfield, Jr., 
Wilmington, Del. 


Kurt A. Wohl, Dayton, 
Ohio. 

Robert H. Wolf, Pitte- 
burgh, Pa. 


Howard L. Wolsted, Uni- 
versity City, Mo. 
R. Wood, Chicago, 


E. Woodward, 
Kansas City, Kans. 

G. N. Woolnough, Mon- 
treal, Que. 

Chester V. Zabielski, 
Schenectady, N. Y. 

W. F. Zimmermann, Texas 
City, Tex. 
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Bound Brook, N. J. 
J. Leonard Erickson, 
Orange, Tex. 
Claude M. Flaherty, Jr., 
: 
po 

woed, Ill 
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John T. Cumming, Cleve- | 
ville, Mase. 


INDUSTRIAL NEWS 
(Continued from page 20) 


LUMMUS CO.’S “PETROLEUM 
HORIZONS” AVAILABLE 

An 80-page manual covering petro- 
leum refining, petroleum chemical and 
chemical manufacturing activities, has 
been prepared by The Lummus Co., New 
York, and dedicated to all the execu- 
tives, technicians and workers in offices 
and plants who “have made the refining 
and processing of petroleum and the 
production of chemicals great industries 
which Lummus is proud to serve.” 

The story of petroleum—from crude 
to products—and of the Lummus Co.'s 
vital role in this progression is unfolded 
within these pages and enhanced by 31 
two-color flow diagrams of petroleum 
refining and petroleum chemical proc- 
esses including typical operating data, 
and 75 four-color photographs of proc- 
ess units, as well as bar charts, draw- 
ings, etc. Accompanying informative 
text discusses technical, economic and 
other phases of each process. 

A free copy of Petroleum Horizons 
will be sent to anyone requesting it. 
Letters should be directed to the com- 
pany at 385 Madison Avenue, New 
York 17, N. Y. 


SEWAGE FACILITIES OF 
U. S. SUMMARIZED 

“Statistical Summary of Sewage 
Works in the United States,” which is 
based on the 1945 Inventory of Water 
and Sewage Facilities in the United 
States, was recently published as Sup- 
plement 213 to Public Health Reports. 
This report, presenting a complete sum- 
mary of sewage works practice, is de- 
signed to furnish summarized data on 
various phases of sewage practice, and 
to serve as a record from which trends 
may be developed in future years. 

Prepared by John R. Thoman, sani- 
tary engineer, Environmental Health 
Center, Cincinnati, Ohio, this 29-page 
report is divided into two main sections. 
The first, Basic Data, includes the his- 
tory of this continuing census, methods 
for tabulating the information includ- 
ing the estimated population served, 
type of sewers, ownership, etc. 

The second division, Analysis and In- 
terpretation, covers population groups, 
geographical areas, development of com- 
munity sewer systems, primary treat- 
ment, intermediate and secondary treat- 
ment, sludge processing. In all 23 tables 
implement the text. 

Data on which the inventory is based 
were furnished by the sanitary engi- 
neering division of the various state 
health departments. 

The pamphlet, printed by the U. S. 
Government Printing Office, Washing- 
ton 25, D. C., is available at 10 cents. 


(More Industrial News on page 30) 
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RESEARCH SCIENTISTS FIND 
NEW RELIEF FOR ALLERGIES 


NEW ANTI-HISTAMINE TABLETS NOW 
PRODUCED BY CIBA PHARMACEUTICAL 


Although every tenth person suffers 
from an allergy, the medical profession 
is still in the dark as to what makes 
people allergic. For this reason, re- 
search scientists at Ciba Pharma- 
ceutical Products, inc., Summit, N. J., 
have been seeking an effective and 
safe anti-histamine . . . a chemical able 
to prevent or alleviate sneezing, itching 
and other effects of various forms of 
allergy. As a result of this research, Ciba announced in 1946 
Pyribenzamine . . . a new antihistamine drug that promised 
not only to revolutionize the treatment, but to throw new 
light on the complexities of allergy. 


Strict hygienic codes necessitated careful selection of 
processing equipment. Cleanliness, freedom from contami- 
nation, reliable service, ease of maintenance, and resistance 
to corrosive attack had to be considered. Ciba’s engineers 
standardized, among other tested materials, on Monel. . . 
the nickel-copper alloy rapidly gaining such prominence in 
chemical and allied fields. 


Cooper Alloy MM is specified for all valves, pipes and 
fittings required to handle corrosive chemicals in certain key 
stages of processing. Standardization on Cooper Alloy 
Monel fittings and gate valves has meant trouble-free 
economical production from the outset. According to Walter 
Bluntschli, Ciba's distinguished Vice-President, ‘Certain 
stages in the manufacture of Pyribenzamine demand the use 
of corrosion resistant Monel gate valves which give unin- 
terrupted service in systems which are both liquid and 
vacuum tight. Our past experience indicated that Cooper 
Alloy valves would do the trick, and our present production 
of highest quality PBZ indicates that our judgment was not 
in error.” 


AVAILABLE UPON REQUEST—For design features of 
competitive Gate Valves, Write for Cooper Alloy 
Comparison Chart. 


The COOPER ALLOY Foundry Co......leading producer 
of Stainless Steel VALVES + FITTINGS - CASTINGS 
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PSI and tempera- 
to 1200°F. 


n flow, temperature and pressure on air, 
water, steam, oil or gas service. 


omnless 
; 
7TOOOA 
VENTURIFLO CONTROL VALVE 
Sizes 1° — 8 (Cv: 1-860) 


— Steel or Steel 
MWP 1500z ASA Srd. 


HAMMEL- DAHL ‘COMPANY 
243 RICHMOND STREET, PROVIDENCE 3, R. 1., U.S.A 
CHICAGO CINCINNATI 
ES NEW YORK 
TOLEDO 


L 
UTOM | 
‘ 
EL-DANY 
? 
ENT 
QUIP 
ee | 0) will accurately control extremes 
| 
i 4 
4. 
1 
Tr 
ie? our delve Central Valve 
— 
HOUSTON: 
HOUSTO! WGTON, DEL 
In anada, Railway & Power Engineering 
CHEMICAL ENGINEERING PROGRESS 
Page 28 


CHEMICALS 


1 @ PLASTICS. Polythene, nylon, 
Tefion, Lucite and other plastics of 
the Du Pont Co. are shown in a 
polychemicals department bulletin. 
Describes the forms available and 
uses, working techniques, properties, 
etc. A table is shown which gives 
mechanical, thermal, electrical, op- 
tical and miscellaneous properties of 
all the Du Pont Co. plastics. 


2 HANDLING H,PO,. For handling 
75% phosphoric acid in tank-car 
quantities, a new pamphlet of the 
Monsanto Chemical Co. In addition 
to specifications for tanks, pumps, 
pipes, etc., the book gives ste om 
step explanations of methods of un- 
loading phosphoric acid cars. Physi- 
cal properties, corrosion data, (304 
stainless steel not recommended), 
data on rubber-lined tanks, dome fit- 
tings, unloading procedures, sche- 
matic diagrams, etc. 


3 e ALUMINUM STEARATE. Data 
sheets from Witco Chemical Co. on 
a new line of aluminum stearate. 
Data on viscosities in various oils, 
penetration rates, etc., of greases so 
made. 


4 @ SURFACE-ACTIVE AGENTS. 
From Carbide & Carbon chemical 
division, a new booklet on Tergitol 
surface-active agents which shows 
chemical formula and description of 
five surface-active agents. ibes 
uses, test data, physical properties, 
etc. 


5 @ TRANSFORMER Olt INHIBITOR. 
Koppers Co., Inc., has gone into pro- 
duction with a new inhibitor for 
transformer oils, known as Koppers 
Improvul 20. Its active ingredient is 
di-tert-butyl-para-cresol. Data sup- 
plied by the company show that 
uninhibited oils reach a sludging 
stage in five days or less, and addi- 
tion of %% of the inhibitor ex- 
tended the life of the oil between 
19 and $7 days, a 4- to 8-fold increase. 


Mail card for more datap 


6 @ CROTONALDEHYDE. A one-page 
technical data sheet on Crotonalde- 
hyde by Tennessee Eastman Corp., 
gives specifications, solubility, physi- 
cal properties, method of shipping. 
Discusses uses and safety. 


7 e GLYCERINE FACTS. A fact 
sheet issued by the Glycerine Infor- 
mation Service every month, spe- 
cializes in details of the uses of 
glycerine. Recent issue covers lubri- 
cating jeliies, ointments, stopcock 
lubricants, pigment dispersion to 
climinate grinding, etc. 


8 @ INDUSTRIAL CHEMICALS. The 
1950 copy of Eastman industrial 
chemicals, from Tennessee Eastman 
Corp. The catalog covers aliphatic, 
aromatic, inorganic and cellulose 
products. Physical specifications and 
other properties are given along with 
the method of shipping and a brief 
description of the chemicals uses. 
Under aliphatic chemicals are such 
materials as solvents, plasticizers, al- 
cohols, aldehydes, etc. Under aro- 
matic chemicals—phenol ethers, 
amines, aminophenols, etc. 


9 © PLEXIGLAS. Sixteen pages on 
Plexiglas acrylic plastic molding 
powders of Rohm & Haas Co. Bulk 
of the hook is given over to photo- 
graphs of end products, and a two- 


page table on the average physical 
properties of Plexiglas. 


10 e CAUSTIC. A caustic soda data 
book from the Mathieson Chemical 
Corp. covers method of manufacture 
of caustic soda, its economia, how 
to unload and handle the material, 
physical properties of hydroxide 
solutions, mixing charts, hydrometer 
conversion tables, etc. Also a section 
on sampling and analysis. 


11 @ RADIOACTIVITY CHART. F 
W. M. Welch Manufacturing C 


which shows the radioactive tra 
formation series of thorium, ne 
tunium, uranium and actiniu 
Shows cha in atomic numbe 
atomic weight, and the emissio 
that bring about the changes. I 
color. Large enough for wall moun 
ing. 


12 SOAP ANTIOXIDANT, Pamph 
on the use of ortho biphenyl! bigua 
ide for restraining the oxidation 
soaps, from Monsanto Chemical C 
Data on characteristics of materi 
use, economics and test methods. 


14 @ POLYETHYLENE PRODUCT. 
Fibron division, Irvington Varni 
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BULLETINS 


20 @ LOW -PRESSURE VALVES. A 
bulletin of The Swartwout Co. on 
low-pressure regulating valves for 
controlling the level, pressure or tem- 
perature of gases and liquids. Avail- 
able in most metals. Bulletin also 
covers pressure controls, details of 
construction of the controls and 
alves, and a table giving the weight 
nd dimensions of the available 
alves. From ¥ to 12 in., globe style 
nly. 


1 @ MOTORS. Two pamphlets from 
Motors, one on its Uni- 
losed or armored motor, shows cross 
ction of construction, detailed steps 
m how insulation is built up, and 
iews of various features such as the 
air-cooling stream, the balancing of 
the rotors, etc. The second bulletin 
features the self-lubrication principle 
of the motors and bearings. 


22 @ EQUIPMENT AND CORROSION 
DATA, From Nooter Corp., a pic- 
torial story of the fabrication of 
steel and alloy tanks, pressure ves- 
sels, etc. Each page is devoted to 
ume different industry such as chem- 
icals, pharmaceuticals, petroleum 
wocessing, food, etc. A 4—page table 
ives corrosion data for an enormous 
number of chemicals against 16 dif- 
ferent metals. 


23 © RIGID LINE BLIND VALVES. For 
installing in lines that are rigid and 
offer no spreading, Hamer Oil Tool 
Co. has a new, rigid line, blind valve. 
A sliding, internal sleeve is moved 
by a handwheel which releases the 
spectacle plate so it can be reversed 
without spreading the pipe line. 
The booklet, beside giving specifi- 
cations of valves available, describes 
the operating principle and advan- 
tages. 


24 @ STEAM TRAP PROBLEMS. From 
The V. D. Anderson Co., a 36-page 
buyer's guide, reference manual, etc., 
on steam traps and their problems. 
Tells where and how a steam trap 
should be used, and shows via pic- 
tures, tables, etc., how they should 
be installed for various processing 
equipment. Gives tables for conden- 
sation on bare iron and steel pipe, 
shows how to apply traps to auto- 
claves, etc. Also has some informa- 
tion on float traps, and air release 
valves. 


25 @ VERTICAL CENTRIFUGAL. A 
vertical centrifugal multistage close- 
coupled process pump of the Peer- 
less Pump division of Food Ma- 
chinery & Chemical Corp., is de- 
scribed in a 4-page bulletin. Gives 
construction features of the pump 
which is suited to pump hydrocar- 
bons, gasoline, propane, etc., hot 
and cold water, acid bases, etc. 
Capacities up to 5000 gal./min.; 
heads up to 1500 ft. 


Chemical Engineering Progress 
120 East 41st Street 
New York 17, 
New York 


26 @ AUTO-KLEAN FILTER. Cuno En- 
ineering Corp. has issued a loose- 
f folder of engineering pamphlets 
on its filters. Explains the construc- 
tion and operation of filters, which 
ss the fluid containing solids to 
be removed between strips of spaced 
metal, placed edgewise to the flow. 
Provision made for automatic clean- 
ing and backwash. Other items such 
as the replaceable cartridge filter, are 
also shown. Pictures show the instal- 
lation of various filters which are in 
such services as filtering paint and 
varnish dryers prior to drumming, 
filtering river water for oil refinery 
service, filtering grease prior to its 
being packed, etc. 


27 @ ALUMINUM PIPE AND FITTINGS. 
A well-organized data book from the 
Aluminum Co. of America on alumi- 
num pipe and fittings, which uses 
pictures, plus questions and answers, 
to get across its story. Shows the 
chemicals that can be piped in alum- 
inum, commodities not normally 
thought of as chemicals, food and 
beverage products, etc. In addition 
lists liquids and gases that cannot be 
carried in aluminum pipe. Shows 
how to install, cut, bend, etc. Gives 
tables of dimensions and weights, 
chemical properties, collapsing and 
bursting pressures, loss of head for 
water flow, etc. 


28 @ pH CONTROL. W. A. Taylor & 
Co. issue the ninth edition of the 
well-known “Modern pH Control 
and Chlorine Control.” It is a man- 
ual which has sections on the mean- 
ing of pH theory, application in 
industry, as well as a description of 
the equipment available from Taylor 
& Co, Contains prices. 


29 @ P & T CONTROLLERS. Mason- 
Neilan Regulator Co. with a catal 

describing a new model pressure an 

a new model temperature controller. 
Instruments have a simple, pneu- 
matic proportional controller with 
narrow-to-intermediate proportional 
band setting. Gives detail of con- 
struction features, plus tables of data 
on pressure element, element range, 
and recommended control range. 
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Applications and typical schematic 
drawings indicating correct installa- 
tion, round out book. 


30 © WIRE BELT PRIMER. A compre- 
hensive primer on the use of Cam- 
bridge wire belts in all industries. 
The book begins with descriptions 
of the woven wire, mesh, and other 
wire belts. Shows all types of belt 
constructions; gives data on choice 
of metals; belt specifications; con- 
struction of high temperature belts, 
conveyor design, installation and op- 
eration, plus section of pertinent 
tables: decimal equivalents, conver- 
sion of mesh to opening, tempera- 
ture conversions, openings, strains 
of materials of various metals and 
alloys, weights per lineal foot, etc. 


31 © SUPERPRESSURE APPARATUS 
Equipment for maintaining pres- 
sures up to 100,000 Ib./sq.in. and 
temperatures up to 1000°F., de- 
scribed in American Instrument Co. 
catalog on superpressure apparatus. 
Details on various types of high pres- 
sure pilot plants; liquefaction of 
natural gas, manufacture of aviation 
gasoline, etc. Describes series of 
superpressure shaking mechanisms, 
reaction vessels, needle valves, tubes, 
gas booster pumps, circulators, and 
all other materials necessary in high 


pressure work. 


32-33 @ BALL MILLS AND SIDE-ENTER- 
ING MIXERS. International Engineer- 
ing, Inc., offers a 4-page pamphlet 
describing jar mills (32) in capaci- 
ties ranging from | to 3 tiers. Con- 
struction details are given. (33) is 
a bulletin describing side-entering 
mixers either as a direct drive or 
belt or chain drive. Uses, details of 
packing glands, sizes (14 to 25 hp.), 
etc., are all given. 


34 WATERSPHERE. The  water- 
sphere, a water-storage tank, avail- 
able in capacities from 25 to 250,000 

1., is described in a special bulletin 
rom the Chicago Bridge & Iron Co. 
For general service and for provid- 
ing gravity water pressure for fire 

ection. Built of steel plates, 
utt-welded, the spherical tank is 


supported on a single cylindrical 
pm ag the flared con of which rests 
on a concrete foundation. Pipes, 
ladders, and heating connections are 
inside the which 
rises right through the tank. Paint- 
ers trolleys, roof, manhole, overflow 
tube, fence, etc., are all part of the 
structure. 


35 @ COMPRESSED AIR REFERENCE 
MANUAL. A basic reference data 
book on compressed air and gas 
— is a new publication of the 
‘compressed Air and Gas Institute. 
Has a general, nontechnical review 
of the application of compressed air 
and gas theory to actual machines. 
Gives uses, outlines air compression 
equipment used, types of compres- 
sors, regulation, indicator card use, 
etc. 


36 @ SOLENOID VALVE. An air-pow- 
ered air valve controlled by solenoids 
is described in a bulletin from The 
Bellows Co. The valve uses 8-volt 
solenoids to shift a slide valve which 
directs the full pressure of the in- 
coming air to shifting the valve. 
Pamphlet describes other features of 
the valve, gives schematic wiring dia- 
grams. 


37 @ PIPE-LINE THERMOMETER. For 
recording temperatures in natural 
or manufactured gas pipelines, The 
Bristol Co, reed ad series 500 re- 
cording thermometer. It is equipped 


DATA 


with a quick responding extension 
bulb made of a copper-sensitive 
stainless steel combination; gives 
quick response to any temperature 
change. Instrument, schematic dia- 
gram, construction of the tempera- 
ture-sensitive bulb all shown. 


38 @ CRYSTAL DEHYDRATION. 
Sharples Corp. in a bulletin on its 
Super-D-Hydrator, a horizontal, per- 
forated center basket centrifuge, tells 
of dehydrating techniques on raw 
materials. The centrifugal is th 
oughly described and pictured, o 
ating cycles shown also in color 
photographs, through the loadin 
rinsing, drying and unloading 
typical materials. 


39 © PROPANE CYLINDERS. F 
those shipping propane in cylinder 
a new 4-page bulletin of the Harri 
burg Steel Corp. contains interestin 
data. The pre ts are to LCC 
specs, 100-Ib. capacity, 72-Ib. tar 
weight in aluminum or red oxid 
ground coats. 


40 @ FITTINGS AND PRICES. An 
page working catalog of informatio 
of Grinnell seamless carbon stee 
welding fittings and forged stee 
flanges. Covers all the fittings, e! 
bows, returns, tees, crosses, laterals, 
caps, saddles, etc. Gives details of 
features, plus data on all fittings in- 
cluding sizes, prices, etc. 


Cards valid for only six months after date of issue . 
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41 © STEAM TRAPS. A technical bul- 
letin of types and prices of all Nich- 
olson steam traps. Construction de- 
tails are shown with cutaway views. 
Bulletin covers thermostatic traps 
(industrial, radiator, expansion), 
weight, and piston-operated traps. 
Several pages of diagrams show typ- 
ical operations and recommended 
piping — Data in the bulle- 
tin inclu methods determining 
proper sizing, capacities of traps, 
condensing calculations, etc. 


EQUIPMENT 


49 @ PIPE VISE. For petroleum and 
chemical processing maintenance de- 
partments, pilot plant work, etc. a 
new pipe vise of Baker Oil Tools, 
Inc., may be of interest. Screw-type, 
open side, will handle tubing, drill- 
pipe, casing sizes, manifold fittings, 
valves, etc., from 2% to 8% in. Pam- 
phiet shows recommended mount- 
ing. Coarse thread for rapid ad- 
justment 


50 @ CONTOURED LINERS. For lin- 
ing steel and fibre drum containers, 
Electronic Wave Products, Inc., is 
manufacturing polymerized ethylene 
film shaped in the contours of the 
tank to be lined. They are offered 
in a variety of sizes from 5- to 55-gal. 
capacity. They have a tie-off spout 
or a semirigid Flexspout and a screw 
cap, Used for shipping corrosive 
paste, adhesives, acids, alkalis, etc. 


51 e CONDUCTIVITY CELL. For 
measuring conductivity of ultra pure 
demineralized water, Industrial In- 
struments, Inc, has a new heavy 
pyrex cell. It uses sheet platinum 


electrodes and can operate as a con- 
tinuous flow unit. 


52 ¢ SAMPLING DIPPER. A new 
sampling dipper of the Harold S. 
Spencer Co. has a feature which 
enables the user to transfer liquids 
to a sample bottle quickly. Made of 
stainless steel, the dipper can be dis- 
mantied and cleaned. The dipper 
handle, a rod, has at its base a finely 
ground valve. A movable cup held 
in place with springs rests on the 
valve, and when the filled dipper 
rests on top of the sample bottle, the 
valve is automatically opened so that 
the contents discharges through the 
bottom into the bottle. 


53 @ VACUUM PUMP. A new small, 
(less than 16 in. high) compound 
vacuum pump of the Kinney Manu- 
facturing Co. is in production. The 
pump uses an oil-seal pumping sys- 
tem, has an air displacement of 4.9 
cu. ft./min., and operates on a 1/3 
hp. motor, Vacuum to 0.1. 


54 @ HYDRAULIC TEST PUMP. For test- 
ing boilers, pressure vessels, pipes, 
etc., up to of 25,006 fb 
sq.in., Milton Roy Co. is making a 
new aiROYmetric hydraulic test 
pump. Pumps are powered by a 
simple air cylinder with reciprocat- 
ing pistons. Air-cylinder diameters 
are from 2 in. to 14 in., with pump 
yg diameters from 5/16 in. to 
Y in. Maximum pressures are ob- 
tained by powering small plungers 
with large air cylinders. Maximum 
capacities up to 405 gal./hr. Lower 
cave are secured by powering 
arger diameter plungers with large 
diameter air cylinders. Controls are 
self-contained trip valves which ac- 
tuate the air pistons. 
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55 @ REFRIGERANT GAS CONDENSER. 
Niagara Blower Co. has a new con- 
denser designed specially for use 
where Freon is the refrigerant. The 
condenser is part of a series consist- 
ing of five standard units ranging in 
capacity from 10 to 50 tons refrigera- 
tion at 105° F. Freon condensing 
temperature, and 74° F. atmospheric 
wet bulb temperature. Operates on 
the evaporative principle; condens- 
ing coils are copper. 


56 @ DIFFERENTIAL PRESSURE TRANS- 
FORMER. The Hagan Corp. is manu- 
facturing a new differential pressure 
transformer for indicating, record- 
ing, and controlling the rate of flow 
of steam, gas, liquid fuel, water, and 
other materials. Works on com- 
pressed air as the power medium, 
and has been used to measure liquid 
fuel flow to furnaces in connection 
with control of fuel air ratio; meas- 
urement of liquid level in feed water 
heaters, condenser wells, tanks, etc.; 
measures pressure drop across con- 
denser tu for control of flow; 
measures steam flow to boilers or 
flow of water for control or record- 


ing purposes. 


57 @ BOTTLE TULTER. From the Gen- 
eral Scientific Equipment Co., a new 
5-gal. bottle tilter, costing $6.25, for 
pouring liquids to smaller contain- 
ers. The cradle is made of steel, a 
chain holds bottle in place while 


pouring. 


58 @ EXPLOSION-PROOF PROPELLER 
FANS. The ILG Electric Ventilati 
Co. has new explosion-proof propel- 
ler fans for class I, type D hazardous 
locations. The propeller fan wheel 
is of aluminum with the frame of 
cast aluminum. For use in ventilat- 
ing oil refineries, chemical plants, 
solvent rooms, etc. 


59 @ RUBBER PINCH VALVE. For use 
in the mining, paper, chemical, oil, 
etc., industries, a rubber pinch valve 
developed by the U. S. Rubber Co. 
for installation in pipe lines carrying 
abrasive or corrosive mixtures. 
Available in several different stocks: 
neoprene, where oil resistance is im- 
portant; butyl rubber, for high heat 
and severe acid conditions; and pu 
um stock for the food and beverage \ 


industries. According to the com- ‘ 


pany, the flexibility of the valve 
will offset misalignment in pipes; no 
packing is required; it absorbs vibra- 
tion, eliminates water hammer and 
eliminates galvanic action. Sizes 
range from 11% in. to 12 in. 
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“Corrosion Problems in 

Ges Purification Units 

Employing MEA Solutions” 

By: Peso C. 

Research Chemist. and 

L. Biome, Assistant 

Director of Research 
Abstrect: Experimental work is described 
on testing of various steels and alloys for 
corrosion resistance in gas-treating solutions 
employing monoethanolamine A theory of 
such corrosion is developed. Apparatus and 
methods are detailed, and data are pre 
sented mm tables and graphs 


“Chemical Deterioration 
ef Cooling Tower Lumber” 
By: L. 
Assistant Director of 
Research, and 

D. 

Research Chemical Engineer 
Abstrect: Socalled “delignification” of 
cooling tower lumber is discussed, aug- 
mented by field observations and experi 
mental data 


“Effect of Pulsation on 
Gas Measurement” 


By: C.F. Yares 
Research Engineer 


Abstrect: This paper discusses the effect of 
pulsative flow on the accuracy of measuring 
gas-flow rate by orifice meters. Data are pre 


TECHNICAL PAPERS and ARTICLES 


by 


FLUOR RESEARCH ane ENGINEERING PERSONNEL 
by Number 


vibration in compressor and compressor: 
dependent installations 1s indicated 


sented showing lationship between 
magnitude and aad of the pulse and the 
resultant readings recorded by the measur- 
ing instrument. 


“frectionating Absorbers 

in the Petroleum industry” 
By: J.C. Hannan, 

Process Engtneer 
Abstrect: Rapidly changing conditions ne- 
cessitate familiarity with all methods now 
in use in the petroleum industry for sepa 
rating mixtures of low-boiling hydrocarbons 
and associated compounds in order to ob 
tain the most economic method for a given 
gas recovery and/or purification problem 
This paper discusses one of these methods, 
ie., fractionating absorbers. An example of 
application to actual plant data is shown 


By R. C. Baran, 

Research Engineer, and 

Lc. Director of 
Research and Development 
Abstrect: The generation and nature of gas 
pressure pulses from reciprocating compres 
sor action are described, together with the 
propagation of such pulses through pipe 
lines. The means whereby pulse energy is 
converted to mechanical vibration is dis 
cussed by the aid of analogous mechanical, 
acoustical, and electncal oscillatory systems 
The economic importance of minimizing 


Abstrect: The authors have found that t 


By. F.C. Rresewree, 
Research Chemist, and 

HD. Peesres, 

Research Chemical Engineer 


values obtained from conventional de 


point determination apparatus do not gi 


true results when used on gases effluent f 

liquid dehydrators. A theoretical expla 
tion for this phenomenon and a descnpt 
of a method for determining the absol 
water content of gases from this type 
dehydrator is offered. 


“Purification and 
Dehydration of Gases” 


Assistant Director of Research, 
and W. P. Cuarm, 
Process Engineer 


By: C. L. Biomm, 


Abstrect: [his paper covers the chemistry 
and chemical engineering of regenerative 
processes for removing hydrogen sulfide and 
carbon dioxide from gases by use of amine 
processes together with their simultaneous 
or subsequent dehydration. In addition there 
is presented a description of the engineering 
features and operation of the Glycol-Amine 
plants which treat gas transported through 


the Texas-California line 


Send for your free copies by post card or letter 


DESIGNERS AND CONSTRUCTORS of Refinery, Natural Gas and Chemical Processing Plants. 
MANUFACTURERS of Muffers, Pulsation Dampeners. Gas Cleaners, Cooling Towers and Fin-Fan Units. 


THE FLUOR CORPORATION, LTD., 2500 S. Atlantic Blvd., Los Angeles 22, Calif. Offices in principal cities in the United States 
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REPRESENTED IN THE STERLING areas BY: Head Wrightson Processes Ltd., Teesdale House, Baltic Street, London, E.C.L, England 
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SURE YOU'RE INSURED 
BUT WHAT ABOUT... 


Fire .. . acciden 
sion insurance . . . you've got 

all and many others, but unless 
your absorption and reaction tow- 
ers are properly designed and made 
of General Ceramics Stoneware or 
Porcelain... You're still wide open 
for costly losses! 

Correct in every detail ...General 
Ceramics Chemical Stoneware 
Towers are really built to do their 
job...provide complete protection 
against every form of corrosive 
action except, of course, HF and 
strong hot caustics. 


No matter what corrosion 
roblems may be...General Ceram- 
ics has both the equipment and the 


experience to provide the right 
solution. For additional informa- 
tion on General Ceramics Towers, 
write for Bulletin HA and Draw- 
ing B-2777. For information on 
er General Ceramics corrosion- 
roof equipment... Chemical 
toneware (Ceraware), Porcelain 
(Cerawite), any one of the offices 
listed below will be glad to for- 
ward you the necessary informa- 
tion. Ask for Bulletins CHER-3 
and POR. 


YOU SAVE 3 WAYS WITH GENERAL CERAMICS’ SSS* 


Savings throegh snitormty of constrection misfits. 
Savings on shipping costs. . one shipment for everything. 
Sovings on paper wort, accounting... one order, one bal 


General Ceramics ano steatne cone. 
CHEMICAL EQUIPMENT DIVISION 


Keasbey, New Jersey 


Sales Offices QUPFALO, CHICAGO, LOS ANGELES, PITTSBURGH, 
PORTLAND, ORF, SAN FRANCISCO, SEATTLE, TACOMA, MONTREAL, 


35 Crows Mill Road 


TORONTO, VANCOUVER, 8. C 


Ovr Insulator Division Manufact Steatites, Porcelains, 


*Simgle Source of Supply. 
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INDUSTRIAL NEWS 


(Continued from page 27) 


CROP PROTECTION CHEMI- 
CALS BY MATHIESON 
Mathieson Chemical Corp. began 
production last month of agricultural in- 
secticides and fungicides at Little Rock, 
Ark.; Williamston, N. C., and Houston, 
Tex. These three new plants will con- 
tribute substantially to the nation’s sup- 
plies of crop protection chemicals, ac- 
cording to S. L. Nevins, vice-president 
and director of agricultural chemicals 
sales. 

All the new units will be located in 
convenient proximity to Mathieson’s 
fertilizer plants or distributing ware- 
houses in those cities, and their readily 
accessible truck-loading facilities will 
enable customers to pick up a combina- 
tion load of fertilizers and insecticides 
at the same time. 

Manufactured in accord with the rec- 
ommendations of agricultural colleges, 
experiment stations and extension serv- 
ices, strict laboratory controls will be 
maintained to assure that each product 
manufactured is in accord with Federal 
and State label requirements. The 
products will be marketed under the 
Gro-More and White Diamond brand 
names. 


HEAT TRANSFER SYM- 
POSIUM ON WEST COAST 

The third symposium of the Heat 
Transfer and Fluid Mechanics Insti- 
tute will be held in the Institute of Aero- 
nautical Sciences Building, 7660 Beverly 
Boulevard, Los Angeles, on June 28, 
29, and 30, 1950. The Institute is pri- 
marily concerned with the fundamental 
aspects of fluid flow and heat transmis- 
sion, 

Information can be obtained by writ- 
ing to: 1950 Heat Transfer and Fluid 
Mechanics Institute, 3076 Engineering 
Bldg., University of California, Los 
Angeles 24, Calif. 


FORMICA PLANS $7,000,000 
EXPANSION PROGRAM 

The launching of a $7,000,000 expan- 
sion program, with plans to build on a 
25-acre site in Cincinnati, Ohio, was 
announced by D. J. O’Conor, president 
of The Formica Co. 

The company expects to break ground 
this month for the first phase of con- 
struction—a one-story industrial plant 
providing 100,000 sq. ft. of floor space. 
This building will house finishing, in- 
spection, packing, shipping and raw 
material warehousing facilities for the 
company’s decorative laminated plastic 
products. 

Approximately 200 of the firm's 1500 
employees will be transferred when con- 
struction is completed late in 1950. 


June, 1950 
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SHELL FELLOWSHIP 
PROGRAM EXTENDED 


The graduate Fellowship Program es- 
tablished by Shell Oil Co., and its affili- 
ated companies in the United States, has 
been extended through the 1950-51 aca- | 
demic year at a cost of $75,000. In- 
cluded among the fields is chemical en- 
gineering and the colleges and universi- 
ties to which Fellowships in this field 
have been offered are responsible for the 
selection of the Fellows and the depart- 
ments concerned determine the specific | 
research to be undertaken. Colleges 
and universities to which these Fellow- 
ships have been offered in chemical en- | 
gineering are as follows: 


Carnegie Institute of Technology 
University of Delaware } 
Georgia Institute of Technology 
University of Illinois | 


University of Michigan 
Ohio State University 
Pennsylvania State College 
Purdue University 
University of Wisconsin 


NEW INSTRUMENTS TO 
FEATURE A.S.T.M. EXHIBIT | 


New testing and scientific equipment | 
will feature the 1950 Exhibit of Testing 
Apparatus and Related Equipment to 
be held in Atlantic City, N. J., during 
the week of June 26 when the American 
Society of Testing Materials holds its 
53rd annual meeting. In addition to the 
improved types of physical and chemi- 
cal testing instruments, many of the 
newer types of spectrographs, nonde- 
structive testing instruments, and equip- 
ment for stress analysis will be shown, 


INDUS. SPECTROGRAPHY 
AT BOSTON COLLEGE 


A two-weeks’ course in Modern In- 
dustrial Spectrography will be offered 
at Boston College, Boston, Mass., from 
July 24 to Aug. 4. Especially designed 
for chemists and physicists from indus- 
tries in the process of installing spectro- 
graphic equipment, this course of lec- 
tures and practical work will serve to 
train present personnel to man these new 
laboratories. 

The lectures will cover the following 
topics: the optics and adjustment of 
grating spectrographs; optics and ad- 
justment of prism spectrographs ; origin 
of atomic spectra; light sources and the 
proper illumination of the spectrograph 
and analytical applications. 

The tuition fee is $100. Applications 
and requests for further information 
should be sent to: Prof. James J. Devlin, 
S. J. Physics Department, Boston Col- 
lege, Chestnut Hill 67, Mass. 
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Regardless of whether you mea- 
in pounds, tons, dollars or 
| alll three, material handling cost 
one of today’s most 
dems of business in general and you 
ow 1o-veyvors 
CUT COSTS 
maintenance cost,— and here's why: 
Completely — seedy forwe | 
4. Pan or tube made of of non-ferrous metal 
| S. Covered pan or tubular Lo-V provide gas-tight ght construc 
j Poge 31 


READ SOLVES 
MATERIAL HANDLING PROBLEM 


| as designed specifically for 
the movement of powders and gums from 
the storehouse to the point of processing 


| 


The above Read Material Handling System was engineered and built 
for a New York chemical company that manufactures adhesives. 


SCREW CONVEYOR 


CONE SIFTER 


BUCKET ELEVATOR 


READ MACHINERY DIVISION 
of The Standard Stoker Company. Inc. 
YORE 5, PENNSYLVANIA 
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_ CHEM. INDUSTRY COMM. 


OF A.S.A. ORGANIZED 


Organization of a chemical industry 
correlating committee was recently an- 
nounced by the American Standards 
Association, New York, N. Y. The com- 
mittee will serve to coordinate the views 
the chemical industry those 
standards that deal with equipment and 
products the industry uses in construc- 
tion, maintenance, and operation of its 
production facilities. Its studies are 
expected to include pipe, pipe fittings 
and flanges, thin-wall tubing, pressure 


| vessels, and similar products. 


Two immediate objectives have been 
announced : first, of all stan- 
dardization projects under the procedure 
of the ASA to determine those in which 
the chemical industry has an important 
interest; second to determine the extent 
to which the chemical industry is al 
ready represented on ASA committees. 

J. G. Henderson, Carbide and Carbon 
chemicals division, Union Carbide and 


a review 


Carbon Corp., South Charleston, W. 
Va., is chairman of the committee. 
James C. Lawrence, engineering depart- 
ment, Du Pont Co., is vice-chairman 
(see Personalia) and C. E. Hilton, 
ASA, will serve as secretary. 


G. E. SPONSORS 
X-RAY RENTAL PLAN 


A service plan to rent X-ray equip- 
ment to industry without an investment 
in equipment, is a plan of the 
General Electric X-Ray Corp., Milwau- 
kee, Wis. 

Industry will be offered a “packaged” 
X-ray service of equipment, mainten- 
ance, repair parts, tubes and instruction 


new 


covered by one monthly charge 

According to J. H 
president, this follows a “trend in the 
industrial field toward 
rental systems.” Some 


Smith, company 


service-and- 
industries 
pected to use the plan are food proces- 


ex- 


sors and research and process control 


laboratories using X-ray diffraction for 
qualitative and quantitative analysis of 
chemical compounds and metallurgical 


processes 


BACK ISSUES WANTED 


Chemical Engineering Progress is 
still buying the April and May issues 
of 1947. For these we will pay 75 
cents each 

We need copies of these issues and 
of January, 1949, in order to supply 
the demand for complete volumes of 
back issues and also to supply the 
demand for complete volumes for 
1949. For January, 1949, issues we 
will pay 50 cents 


June, 1950 


is 
| 
i 
3 
PLAIN DUMP BIN ae 
Each is carefully designed with on eye to lowering 
costs by preventing the loss of moterial in hondliig 
4 
oe ond the efficiency of your overall operation. 
: j 
tn each unit in Read System‘ is designed and, 
of equipment sonitotion ih your plant 
For moterial system teilered te solve “your — 
4 be to study your plant operction ond make recommenda- 
tons vt obligation. 
| 
WEIGH HOPPER 
I 
j ‘ 
‘ 
Page 32 ( 


LOCAL SECTION NEWS 


(Continued from page 25) 


CHICAGO 


The annual student night meeting 
was held at the Western Society of En- 
gineers April 19, 1950. Chemical engi- 
neering students of Illinois Institute of 
Technology and Northwestern Univer- | 
sity were guests at the dinner and pro- 
gram. Total attendance was approxi- 
mately 140. The objective of the pro- 
gram was to obtain the student view- 
point on four vital and controversial is 
sues, and to compare it with present in- 
dustrial and academic consideration of 
the subjects. A panel of four students 
trom the two schools prepared the ma- 
jor part of the program with Dr. Mar 
vin C. Rogers, director of research for 
the R. R. Donnelly Co. and a local sec 
tion member, as moderator. Each stu- 
dent first presented a short talk on his 
subject which was followed by several 
questions from the speakers and an- 
swers from the audience. Subjects and 
speakers were 


| 


1. Strength and Weaknesses of Chemical 
Engineering Curricula—R. L. Opila, 
Ill. Inst. of Technology 
What Are the Most Important Quali- 
heations for a Graduating Chemical 
Engineer ?>—James Lawley, NTI 
Employment Possibilities for Grad 
uating Chemical Engineers—W. P 
Shefcik, Ill. Inst. of Technology 
What Should the Graduating Chem 
ical Engineer Expect in the First Two 
Years of His Industrial Work ?>—Bern 
Schepman, NTI 


Reported by Donald A. Dahlstrom 


CENTRAL VIRGINIA CHEMI- 
CAL ENGINEERS’ CLUB 
The Club held a dinner meeting at 
Hotel General Wayne in Waynesboro, 
May 5, 1950, at which 38 persons were 
present. Stephen L. Tyler, Executive 
Secretary of A.L.Ch.E. spoke on “Activ 
ities of the A.LChE He first dis- 
cussed the growth of membership in the 
A.L.Ch.E. and followed this with a re- 
view of the Institute's publication activ- 
ity 
Mr 
of several of the Institute's committees 


“Chemical Engineering Progress.” 
Tyler then described the activities 


and concluded with a survey of the war- 
rous activities of local sections. In a 
Mr. Tyler answered 
questions relating to this Club's interest 
in becoming a of the 
A.L.Ch. E 

The club held a previous meeting at 
the Monticello Hotel in Charlottesville 
Approximately 40 persons were present 
Dr. R. A. Shive of the Calco 
chemical division of 


discussion period 


local section 


at dinner 
American Cvyana 
mid Co. spoke on protective coatings as 
engineering materials 


Reported by J. D. Detl fsen 
( More Local See tion News on page 36) 
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different assemblies 
for valving “hard-to-handle” 


Bonnets 


49 Body 
Materials 


All the various possible combinations of bonnet assemblies, 
diaphragms and body materials available in Hills-McCanna valves 
total over 20,000! True, many of the combinations would not 
be practical, but this figure does indicate the tremendously wide 
variety of valves that Hills-McCanna offers. No matter how spe- 
cialized your problem of valving corrosive and/or hazardous 
substances, slurries, viscous liquids, gases, fermentation products, 
materials subject to coagulation, foods or beverages, the chances 
are that Hills-McCanna can furnish the proper valve to meet 
your needs. A 

Hills-McCanna valves are Saunders patent diaphragm valves 
wherein the closure is affected by pressing a resilient diaphragm 
against a transverse weir. Working parts are isolated from the 
flow. The valve is leak-tight and requires no packing. Sizes from 

"to 14". 
Wareine today, for full information and descriptive literature, 
HILLS-McCANNA CO., 2438 W. Nelson St., Chicago 18, Ill. 


HILLS-M‘CANNA 


Saunders patent diaphragm values 


Pumps 
Force-Feed Lebricators + Magnesium Castings 
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TREASURER’S REPORT 


The accompanying balance sheet and statement of income and surplus have been examined by F. W. Lafreniz 
& Co., certified public accountants of 100 Broadway, New York, N. Y., and in their opinion present fairly the financial 
position of the American Institute of Chemical Engineers at December 31, 1949, and the results of its operation for the 
year then ended, in conformity with generally accepted accounting principles applied on a basis consistent with that 
of the preceding year. 


C. R. DE LONG, Treasurer. 


AMERICAN INSTITUTE OF CHEMICAL ENGINEERS 
COMPARATIVE BALANCE SHEET, 
DECEMBER 31, 1949 and 1948 
Assets 
furrent Assets 1949 1948 


Cash on hand and demand deposits $ 97,736.43 


U. 8. Government and other bonds, at cost plus acerued interest (Total 
market value and redemption value 1949, $61,506 75. 1948 964,700.75) 


$ 74,915.31 
61,049 36 64,703.36 
Accounts Receivable 


Membership dues, less reserve for doubtful accounts 77 7 687.40 


Entrance fees 145.00 
Advertising 1,512.15 
Publications and other chargers 2,161.23 
Meetings advances $00 00 


Inventory, at cost 
Paper stock 
Stamped envelopes 7,199.46 

Total Current Assets $151,723.91 

States Post Office 
United Alrlines, Ine. ... 425.00 06.56 

Purniture and fixtures, at cost 


12,388.04 
Leas reserve for depreciation 


4,208 64 8179.40 


Tote $160,671.87 


Liabilities 
nt Liabilities 
ints payable 


Printing and other expenses 


Total current liabilities 


teferred Income 


lhuee paid in advance 
Subecriptions 
(NMher payments received in advance 


Reserves 
Chemical Engineering Education Projects Fund 
Student Meetings Fund 
Magarine Publication Program 

Surplus 


Total $160,671.87 


AMERICAN INSTITUTE OF CHEMICAL ENGINEERS 


COMPARATIVE STATEMENT OF INCOME AND SURPLUS 
For the Years Ended December 31, 1949 and 1948 
INCOMP 


Membership « 


per member 


Transactions sales t 
Round volumes 
Other 
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: xf 
ae. 
a 
4,905.78 
puree 
11,168.05 $ 9,290.73 
! S176 9,661.96 
76,843.51 82.47 60,968.38 
2386.39 8 1,445.09 
13.871.16 mal 19.910 79 21.397.14 
82,915.21 60,015.62 
Less amount allocated to subscriptions @ $4.50 42 069 75 95.188.25 enseate 
Entrance tees 12.450 00 — 
Magazine income 940.60 
» The Inetitetion of Chemical Engineers 1.205.71 
Transe 1450.08 1.671 90 
27.50 1,457.5 7145 ‘ 
ik 
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Institute Meetings 
Surpluses eee 
Lees Officer's expenses 
Embiem 


Less 


sales 
purchases 


Interest on investments 


Total Income 


EXPENSES 
General operations 

Magazine expenses 
Salaries 
Rent and Electricity 
Postage . 
Telepho ne and Te legraph 
Stationery and office 
Auditing 
Moving expenses 
Travel 


s 8, 102 25 
2,239.02 


1 
$267 


,133.84 


97,103.16 
3,090.22 
564.7 


Provision for deprec iation of furniture and fixtures . 


Provision for doubtful accounts 
Miscellaneous 


Institute Meetings 
Programs 
Travel . 
Reporting service 
(nher 


$221, 


7. 


Transactions of Institation of Chemical Engineers purchased . il 


Printed Material 
Director coveses 
Ballot booklets, letterheads, envelopes, ete. 

Participations and Contributions 
Engineers’ Council for Prof 


Engineers’ Joint Council 
The Chemists’ Club Library 
Engineering Societies Library 


American Society for Engineering Education 


U_ 8. National Committee on Theoretical and Applied Mechanics 


American Documentation Institute .. 


Committee Appropriations 
Council 
Admissions 
Advisory Membership 
Awards 


Chemical F ngine ering duc ation and 


Chemical Engineering Education Projects 
‘stitution and By Laws ees 
Sections 


Kelations 
Student Chapters 


Total Expenses 


Net Income (Deficit) for year 
Surplas at Beginning of year . 


Deduct 
Reserve for magazine publication program 
Less net expenditure to end of year 


Magazine publication program . 


Surplus at end of year 


3 


$250 


55,000.00 


$ 13,871.16 
82,315.21 


1, 


933.50 


-411.08 


613.83 


400.73 1.214.428 


663.23 1,000.16 


1,888.50 


$296,982.18 


$109,454 62 
26 98 


972.04 $222,552.00 


4,014.23 
1,539.05 
1,061.98 

90431 


358.99 6,919.57 


8,285.41 
5,654.72 
5,125.81 


623.94 10,780.53 


300 00 
21.00 
100.00 


50 00 


4,100.78 
$248 109.2 9 


9,727.16) 
80,459.57 


79.926 41 


55,000.00 


128.84 55,089.21 


19,910.79 
8 60,015.63 


SECRETARY'S REPORT 
S. L. Tyler 
The Executive Committee met May 
2 at the Institute offices in New York 
with T. H. Chilton, presiding, C. R. 
DeLong and S. L 
Bass was present as guest. 

After acting upon the Minutes of the 
previous meeting, April 6, the Treasur- 
er's report and bills, they proceeded to 
the other special agenda items for this 
meeting 

The Secretary reported on the first 
listing in Chemical Engineering Pro- 
gress of the names of applicants for 
membership that no adverse comments 


Tyler present. 
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had been received regarding any of the 
applicants. It is indeed an indication 
of the excellent work of the Committee 
on Admissions. It was therefore voted 
that all those whose names were listed 
should be elected to the grades of mem- 
bership as indicated. 

Upon recommendation of the Chair- 
men several additional committee ap- 
pointments were made. 

The financial report had been received 
from the Committee for the Annual 
Meeting at Pittsburgh in December, 
1949, which showed a surplus from the 
activities of that meeting of $1,812.40, 
which the Executive Committee voted to 
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credit to the Institute Meetings Account. 

Upon recommendation of J. S. 
Walton, Chairman of the Student 
Chapters Committee, D. S. Cryder was 
appointed as counselor of the student 
chapter at Pennsylvania State College 
and B. J. Lerner as counselor of the 
student chapter at the University of 
Texas. 

Resignations were received and ac- 
cepted from five Junior Members and 
three Associate Members. 

The agenda for the Council Meeting 
was reviewed in a preliminary way and 
several other matters of policy discussed 
but no actions taken. 


Page 35 


1949 1948 
coe 2,062.77 2,420.77 
| ends 1,310.50 945.58 
1,736.00 
1,678.13 2,533.92 
1,344.77 1,238.81 
2.326.538 715.10 
‘ 2,703.33 
1,845.55 
372.30 
| 
| 
pment .. 336.50 
232.50 | 
. 100.00 
100.00 | 
50.00 
50.00 
q 
ai 531.91 687.27 
$11.78 
315.79 863.03 
as 250.65 1,473.28 
17.00 4 
424.11 22.46 
one 83.99 
Pa 200 40 
» 152.74 199.75 
. . 873.88 } 
* 
96,186.97 
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*Article in 


against Acids, 
jAlkalis, Salt, Oil and Water 


“Prufcoat proven superior to all other 


coat. And this is just one of many reports 

on file testifying to the effectiveness of 

Prufcoat'’s famous liquid plastic formula- 

tions in controlling corrosion caused by 

chemical agents such as these: 

Acetic Acid Muriatic Acid 

jcohols 

Bleach Solutions 
londe 


te Acid 

teating Oils 

Send today for a Prufcoat PROOF 
Packet. Contains in one easy-tofile folio 
outside laboratory tests, case histories. 
and Prufcoat ProtectoGraph Plan for 


analysing your own painting maintenance 
costs, Write Prufcoat Laboratories, Inc. 
63 Main St.. Cambridge 42, Mass. 


because it 
PROTECTS 
More 
_ 8 Attractive Colors 


"that Apply Like Paint 
te Masonry, Metal. Wood 


FUTURE MEETINGS AND SYMPOSIA OF A.I.Ch.E. 
Chairman of the A1.Ch.E. Program Commitice 
George E. Holbrook 


Room 7406 Nemours Bidg., 
E. 1. du Pont de Nemours & Co., 
Wilmington, Del. 


MEETINGS Chemical Engineering in Food 

Regional — Minneapolis, Minn. Industries : 

Radisson Hotel, Sept. 10-13, Chairman: W. L. Faith. Corn Prod- 

1950 ucts Refining Co. Argo, Ill. 
Technical Program Chawman: E. L. Meeting— Minneapolis, Minn. 

Piret, Minnesota Mining & Mig Sa 

Co., Minneapolis. Minn Phase Equilibria 
Annual—Columbus, Ohio, Neal Chairman: W. C. Edmister, Carnegie 

House, Dec. 3-6, 1950. Inst. of Tech., Pittsburgh, Pa. 
Technical Program Chairman: Jobo 

Clegg, Battelle Memoria! Institute, 

Columbus, Ohio What Should You Know About 
Regional White Sulphur Management? 

Springs, W. Va., The Greenbrier, Chairman: L. P. Scoville, Jefferson 

March 11-14, 1951 Chemical Co., Inc., 711 Fifth Ave., 
Technical Program Chairman New York 22. N. Y. 

Walter E. Lobo, The M. W. 

Kellogg ¢ o, 225 Broadway, New 

York, N. ¥ Air and Water Pollution Control 
Regional—Kansas City, Mo. Chairman: Richard D. Hoak, Mellon 


oy Mueblebach, May 13-16, Institute of Industrial Research, 


University of Pittsburgh, Pitts- 
Techmcal — Program Chairman: burgh, Pa 
Walter W. Deschner, J. F. : 
Pritchard Co., Kansas City, Mo M eeting—Columbus, Ohio 
Annual — Atlantic City, N. J. ‘ 
Chalfonte-Haddon Hall Hotel. Relationship Between Pilot-Scale 
Dec. 2-5. 1951. and Commercial Chemical En- 
gineering Equipment 
SYMPOSIA Chairman: Walter E. Lobo, The M. 
Indoor vs. Outdoor Plant Con- W. Kellogg Co. 225 Broadway, 
struction New York, N.Y 
Chairman: J. R. Minevitch, E. B Meeting—White Sulphur Springs, 
Badger & Sons Co, 75 Pitts St. W. Va 
Boston, Mass 


Meeting— Minneapolis, Minn 7. Engineering in Glass 
~ Chairman: F. C. Flint, Hazel-Atlas 
Chairman: Mott Souders, Shell De- Glass Co., Washington, Pa 
velopment Co., 100 Bush St., San Meeting—Not scheduled 
Francisco, Calif 
M eeting— Minneapolis, Minn Processing of Viscous Materials 
Chemical Engineering Kinetics Chairman: W. W. Kraft, The Lum- 
Chairman: RK. H. Wilhelm, Prince- mus Co., 420 Lexington Ave., New 
ton (N J.) University York, N 
M eeting— Minneapolis, Minn Meetmng—Not scheduled 


Mecting— Minneapolis, Minn. 


Mecting—Minneapolis, Minn. 


Authors wishing to present papers at a scheduled meeting of the A.LChE 
should first query the Chairman of the A.1.Ch.E. Program Committee, George 
E. Holbrook, with a carbon copy of the letter to the Technical Program Chair- 
man of the meeting at which the author wishes to present the paper. Another 
carbon should go to the Editor, F. J. Van Antwerpen, 120 East 4st Street. 
New York 17, N. Y. If the paper is suitable for a symposium, a carbon of the 
letter should go to the Chairman of the Symposia, instead of the Chairman of 
the Technical Program, since symposia are not scheduled for any meeting until 
they are complete and approved by the national Program Committee. Before 
authors begin their manuscripts they should obtain from the meeting Chairman 
a copy of the Guide to Authors, and a copy of the Guide to Speakers. The 
first book covers the preparation of manuscripts, and the second covers 
the proper presentation of papers at A.I.Ch.E. meetings. Presentations of 
papers are judged at every meeting and an award is made to the speaker 
who delivers his paper in the best manner. Winners are announced in Chemical 
Engineering Progress, and a scroll is presented to the winning author at a 
meeting of his local section. Since five copies of the manuscript must be 
prepared, one should be sent to the Chairman of the symposium and one to 
the Technical Program Chairman of the meeting, or two to the Technical 
Program Chairman if no symposium is involved and the other three copies 
should be sent to the Editor's office. Manuscripts not received 70 days tk fore 
a meeting cannot be considered. 
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SOUTHERN CALIFORNIA 


The monthly dinner meeting was he 
May 16, 1950, at Carl's Viewpark Res- 
taurant in Los Angeles. Members and 
guests present numbered 90. T. H. Chil- 
ton, Vice-President of A. IL. Ch. E., 
whose brief visit to Los Angeles coin- 
cided with the meeting night, addressed 
the membership briefly 

As the program for the evening, J. R. 
Sabina, technical director, petroleum 
chemicals division, The DuPont Co., 
presented a paper on “Modern Fuels for 
Modern Engines.” Mr. Sabina discussed 
the fuel requirements of modern en- 
gines, the chemical and physical proper- 
ties of these fuels, and the effect of 
changes in various gasoline blending 
components. 


Reported by William J. Baral 


LOUISVILLE 


This section held a dinner meeting 
May 17 at the Preston Kunz Restaurant 
The speaker was E. J. Cleary, 
executive director and chief engineer 
for the Ohio River Valley Water Sani 
tation Commission. Mr. Cleary spoke 
on “Pollution-Abatement Action in the 
Ohio River Valley” and illustrated the 
subject with a movie, “Clean Waters.” 

The section made awards of tickets 
to its May dinner meeting to three 
chemical engineering students at the 
Speed Scientific School, University of 
Louisville, for outstanding scholarship 
and participating in extracurricular ac- 


who its 


tivities. The recipients were W. L. 
Aspy, W. G. Barclay and W. R. 
Campbell 

Reported by W. B. Altsheler 


BOSTON 


At the regular meeting of the year 
the following officers were elected 


Chairman 
Little, Inc 


Fisher, Arthur D 


Vice-Chairman—C. A, Stokes, G. L 
Cabot, Inc 

Secy. and Asst. Treas.—H. Avery, 
G. L. Cabot, Inc 

Treasurer—-P. M. Rinaldo, Dewey & 


Almy Chemical Co 


Reported by Henry 


Avery 


EL DORADO CHEMICAL 
ENGINEERS’ CLUB 


At its April monthly dinner meeting, 
this club heard W. C. 
geologist of the Lion Oi! Co., 
Radsdale, production engineer of 
same company, jointly discuss “The Ge- 


Dennis, division 
and John 
the 


and Production Petroleum.” 
Following their talks, a film called “Oil 
from the Earth” was shown 


Reported by E 


ology of 


D. Wurster 
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for Efficient HEAT 


ways 


Specify AEROFIN 


Whatever the heat-transfer problem — 
whatever the medium— whatever mate- 
rials are required for highest efficiency 
and lowest maintenance costs, you can 

always rely on Aerofin. 


Aerofin finned surface 
jacket-water cooling in- 
stallation, La Gloria 
Corporation, Falfurrias, 
Texas. Designed to cool 
334,200 gallons of water 
per hour from 155° to 
145° using 100° ambient 
air. Heat transfer 
27,850,000 BTU/hr. En- 
fineered and built by 
Hudson Engineering 
Company. 


Unequalled experience and produc- 
tion facilities, plus constant research 
and materials testing, assure the proper 
construction and design for greatest 
efficiency and longest service life. Ask ' 
the Aerofin man. 


Aerofin units do the job 
Better, Faster, Cheaper 


= 


AEROFIN CorreoraTion 


Aecrofin is sold only by manufacturers of nationally 
advertised fam system apperatus. List on request. 
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Widely used 
for classifying 


SOLIDS 
suspended in 


LIQUID 


This apparatus was primarily de- 
veloped for classifying the different lengths 
of fibers in paper stock. Each run makes 
four classifications in relation to the meshes 
of the screens employed. 

Similar wet fractionations can be made of 
other suspendible solids according to parti- 
cle length or area. Frankly, we do not know 
all of the possibilities, but shall be glad 
to investigate problems submited to us. 


For a better understanding of the ap- 
paratus, ask for bulletin on the Bauer-Mc- 
Nett Classifier. If desired, also request 
Catalog No. 50 describing the full line of 
Bauer process equipment. 


The BAUER BROS. Co. 


1794 Sheridan Avenue 
SPRINGFIELD, OHIO 


Efficient and Thorough 


) MERCURY 
CLEANING 


With the 
Bethlehem 
Oxifier 


When your contaminated mercury 
contains dissolved base metals, this 
motor-driven Oxifier provides 

. effective and economical puri- 
feation. Practically automatic, it 
cleans up to 25 Ibs. in 2 to 4 hrs. 
with only intermittent attention. 
Price complete $160 


ALSO AVAILABLE: Type “F" 
Mercury Filter for removing dirt, 
oxide scums, oil, water and acid. 


For full information on thorough 
mercury cleaning write: 


Bethlehem Apparatus Company 


886 Front St. HELLERTOWN, PA. 


A RECORDING 
MECHANICAL COUNTER 


It operates on the output of a scaler, 
photo tube, or other electrical unit 
« permanently records counts on 
a 2%" tape . . . automatically resets 
to zero. 

In Radioactive Research it saves 
precious time by eliminating many 
hours of manual labor, resulting in 
greater economy and efficiency. 

In Industry it maintains a per- 
manent record automatically record- 
ing production and time each hour. 


Write for illustrated circular § C 20 


STREETER-AMET COMPANY 
Automatic Weight Recorders & Scales 
High Speed Counters Since 1488 
4101 Ravenswood Avenue 
Chicage 13, 
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Cc. W. RIPPIE 


Charles W. Rippie was recently 
elected vice-president and technical di- 
rector of the American Development 
Corp., New York, N. Y. He has 

associated with Lukens Steel 
Co. as a member of its sales develop- 
ment staff. Dr. Rippie was at one time 
head of the technical service of the re- 
search and development division of 
Merck & Co., Rahway, N. J., and had 
been associated also with Solvay Sales 
Corp., and with Monsanto Chemical Co. 


Lester D. Hatch of Holbrook, Mass., 
was recently appointed to the sales de- 
Monsanto 
Chemical Co.'s Merrimac division. Mr. 
Hatch is a graduate of Northeastern 
University with a B.S. degree in chemi- 
cal engineering. He served with the 
Naval Air Force during World War IT. 


velopment department of 


J. C. LAWRENCE 


James C. Lawrence, supervising engi- 
neer, engineering department of the 
Du Pont Co., ilmington, Del. ha 
been named vice-chairman of the newl 
organized chemical industry correlating 
committee of the American Standards ' 
Association. (See p. 32.) Mr. Law- * 
rence has been associated with the 
Du Pont Co. since 1927 and served as 
chemical engineer before assuming the 
position of supervising engineer. He re- 
ceived his A.B. and his B.S. from the 
University of Missouri. 


June, 1950 ( 


4 

| 
| 

+ 

Page 38 
= 


S. D. KIRKPATRICK, J 


Sidney D. Kirkpatrick, vice-president 
and a director of the McGraw-Hill 
Book Co., and editor of Chemical Engi- 
neering, has been named editorial di- 
rector of that publication and of Food 
Industries. Mr. Kirkpatrick, who will 
continue as a vice-president of the book 
company and a director, will supervise 
the editorial policies of both publica- 
tions. 

A graduate of the University of Illi- 
nois, Mr. Kirkpatrick joined McGraw- 
Hill in 1921 as assistant editor of Chem- 
ical and Metallurgical Engineering, now 
Chemical Kgngineering. He became as- 
sociate editor in 1925 and editor in 1928. 

Mr. Kirkpatrick has been active in 
A. L. Ch. E. affairs—he was President 
of the Institute (1942), Vice-President 
(1941), and was a Director (1933-35, 
1937-39, 1947-49). 

The new director has re- 
ceived many for his achieve- 
ments in the engineering field—he was 
awarded the honorary degree of Sc.D. 
from Clarkson College of Technology, 
the D.Eng. from Polytechnic Institute 
of Brooklyn, and was Chemical Indus- 
try Medalist in 1945. 

John R. Callaham, former executive 
editor Chemical Engineering, suc- 
ceeds to the post of editor. He becomes 
the fourth to serve in that capacity since 
the initial publication in 1902. As- 
sociated with McGraw-Hill since 1941, 
he was in charge of editorial activities 
for the magazine on the West Coast be- 
fore his promotion in June, 1949, to the 
position of executive editor. A graduate 
of the University of South Carolina, 
Mr. Callaham was formerly associated 
with General Chemical at Marcus Hook 
and at various worked for that 
company in Pennsylvania, New York 
and California. 


editorial 
honors 


times 


MURPHREE IN NATIONAL 
ACADEMY OF SCIENCES 


E. V. Murphree, president of Stand- 
ard Oil Development Co., central tech- 
nical research organization of 
Standard Oil (New Jersey) was elected 
to membership in the National Academy 
of Sciences at the recent annual meet- 
ing of the Academy in Washington, 
D. C. Mr. Murphree, the winner of the 
1950 Perkin Medal, was elected presi- 
dent of Standard Oil Development in 
1947. He had previously served 
vice-president and subsequently execu- 
tive vice-president. 


and 


as 


The National Academy of Sciences is 
composed of leading scientists. engineers 
and physicians in the United States. It 
also through various trust funds makes 
grants-in-aid to scientific workers en- 
gaged in research projects. 
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. R. CALLAHAM 
IN NEW DUTIES WITH McGRAW-HILL 


S. D. KIRKPATRICK 


1950 YALE AWARD GOES 
TO J. D. FENNEBRESQUE 


John D. Fennebresque, general mana- 
ger of the chemical division of Celanese 
Corporation of America, received the 
1950 Award of the Yale Engineering 
Association for “advancement of basic 


and applied science” at the annual din- | 


ner of the group held recently at the 
y ale Club, New York. 

Mr. Fennebresque (Class of 1939) 
was cited for his work with Celanese 
Corporation of America mm connection 
with the oxidation of natural gas hy- 
drocarbons in the production of a long 
series of aliphatic compounds and his 
wartime work with the Office of the 
Rubber Director in initiating and carry- 
ing out into production a system of agi- 
tation as applied to copolymerizations, 
leading to simplification and improve 
ment of processes for the manufacture 
of synthetic rubber. 

The Yale Engineering Association 
Award is given to a university alumnus 
in engineering not more than 15 years 
out of college in recognition of work 
done and encouragement for further 
achievement. 


(More About People on page 41) 
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materials 


@ TECHNICAL 
MOLYBDENUM 
TRIOXIDE 


ANHYDROUS 
SODIUM 
MOLYBDATE 


PURE 
MOLYBDENUM 
TRIOXIDE 


AMMONIUM 
MOLYBDATES 


MOLYBDIC 
ACID, 85% 


One of these five com- 
pounds will prove to be 
the most economical raw 
material for the production 
of chemical products such 
as Molybdenum-contain- 
ing catalysts and pigments. 
Write our development 
division if you wish to take 
up questions concerning 
technological problems 
involving the chemistry of 
Molybdenum. 
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CLASSIFIED SECTION 


Advertisements in the Classified Section of Chemical Engineering Progress are payable in 
advance, and are placed at IS « word, with « minimum of four lines accepted Box number 
counts as two words. Advertisements average sbout six words « line. Members of the 
American Inetitute of Chemical Engineers in good standing are allowed one six-line insertion 
tree of charge per year. More than one insertion to members will be made at half rates. In 
using the Classified Section of Chemical Engineering Progress it is agreed by prospective 
employers and employees that all communications will be acknowledged, and the service is 
made available on that condition. Boxed advertisements one-inch deep are available at $15 
an insertion. Size of type may be specified by advertiser. In answering advertisements al! 
box numbers should be eddressed care of Chemical Engineering Progress, Classified Section. 
120 East 4iet Street, New York 17, N. Y. Telephone ORegon 9.1560. Advertisements for this 
saction should be in the editorial offices the 25th of the month preceding the issue in which 
it ie to appear 


quers and ag of solvents in large 
t 
Jv. Chemical Market Analyst—Chemical en 
gineer or chemist, with economic and busi 


nees training. for Market Research Section. Chemical Engineer“ 5S. ens 20. cow em 
in young progressive midwestern chemical ployed. Six years in successful process de 


i company Head rs im Kansas City, velopment, chemical and food industries. 
combined | but position involves some traveling. Ex- Good references and academic record, 
perience desirable, but not essential. Please honor fraternities, patents. Desire process 


ive complete personal and professional development position in the food industry, 
ata with salary requirements in first letter will consider others. Prefer West Coast 


Box 2 - 
Standard Steel Corporation's recent | location. Bes 10-6 


acquisition of the Dryer Division of Superetsing Chemical Engineer — Chemica! Junior Executive—Are you « small Texas 

-ngineering Degree. preferably Ph.D. 35 manufacturer needing «a young chemical 

Hersey Manufacturing Company | to 45 years of age Approximately 15 engineer with interests in business, sales? 

places at the command of dehydra- yeare experience in organic chemical in- To such | offer: excellent college record 

dustries, preferably intermediates or dye with graduate work, two years technical 

tion equipment users an unprece- stuffs. Thoroughly experienced in applying service experience, determination to get 
dented wealth of dryer experience. chemical engineering principles to produc ahead by hard work Box 13-6 

tion problems in batch process type of in 

Standard's half-century plus Hersey's Permanent position in well estab Executive Engineer—Chemical engineer en- 

lished company in upstate New York. Send geged in direction ot roup designing 

80 years total 130 full years complete business resume and salary re plents tor soaps, detergents, chemicals, 

quirements. All replies confidential Box and pharmaceuticals Seek position as 

And the fact that these are sands of 4-6 chief engineer. In previous position had 

time which have run concurrently i overall responsibility for projects. Metro- 
lends added significance. Every bit of 


engineering data developed by both SIT Chemical Engineer—8.5. and M.S. Versatile 
org UATIONS WANTED and experienced. Specialized in technical 
anizations is up-to-date Fabri- writing and editing; research coordinaton 
cating techniques and machinery are wenty years experence with industrial 
A.A.Ch.E. Members minerals, organics, ceramics cement, 

modern. Service facilities are efficient alumina, phosphates, petroleum. and others 
and complete. Never before has there Su Employments include TVA, U. 5. Bureau 

visery Chemical Engineer—-BS.. 
been such a vast fund of dryer knowl- Experienced tn supervision. operations, and 


pilot plant development, plant design, and 
edge available in one organization.. economic studies of petroleum and petro- m... —_ 
chemical plents. Desire responsible engi- Chemical Engineer—B.S., Lehigh 1943, single, 
neering position with small company. Box 26. 3% years heavy chemicals produc 
1-6 tion, instrumentation, electronics trouble 
< shooting 3 years fine chemicals pilot 
Administrative Expe- lant small-scale process development, 
responsibie administra yout, operation, supervision. Desire pilot 
tive positions with large, nationally known lant, development work. Prefer Northeast 
chemical manufacturers Previous six tom 17-6 
years in production, development, design. 
construction Successful record handling 
personnel. Particularly familiar inorganic Prof. Licensed New York Twenty-five 
processes involving gas absorption. cry years responsible charge design. construc 
stallization, evaporation. drying. filtration tion, operation, maintenance and adminis 
refrigeration Considerable experience tration heavy chemical industry incl chlor 
starting up new plants. B.S. “34. Tau Beta ine. ammonia, dry ice, alkalies. etc. Desire 
Pi. Awe 38, married, family. Available im position in production or engineering. Box 
mediately Resumé on request Box 4.6 18-6 
of various types in process in Process Engineer—ChE. "39 Age 37. Nine Professional Engineer 26. Purdue. 
Sranwosen's big Los Angeles, California, plant years of industrial experience. Process de S.ChE 1943 family veteran Four 
sign experience in refinery and petro years petroleum catalyst research in lead 
chemicals Several years background in a industrial research organization in 
Hew STANDARD HERSEY Bulletin process control, instrumentation and pilot volving bench scale design. construction, 
plant scale work Su sful developmen’ catalyst evaluation. Desire responsible po 
Write roosy for new 12-page dryer bulletin work in both chemical and equipment fields sition in petroleum or pharmaceutical in 
incorporating latest information on Paper on fractionation. Patents. Interested dustry. Box 19.6 
Sranoany-Heassy Continuous and Batch pay- in process engineering. Box 5-6 


ans, Rotary covcens, and carctwens for Chemical Engineer —Licensed Professional 
the Process Industries Fifteen vears diversified responsible expe Nonmembers 
rience on design, production and sales of 
chemical processes and equipment pri Chemical Engineer—24. U. of Utah, BS ChE 
marily or Desire responsible position Single Desire position with progressive 
t 


company where initiative company will consider domestic or 


an advantage. Box 6-6 foreign employment with no geographical 
Chemical Engineer.Age PhD 1946 


preference. Box 
Two vears petroleum pilot plant. four veare B.S. June 1950 
ry ers teaching experience Limited experience in ul relocate esire position production 
° metals and organi Desire position in pro of organics, pharmaceuticals, or plastics 
duction development or management requiring hard work and ability to work 
Sen 3-4 well with others. Box 12-6 


Sagetiatioss but prefer South or South 


ox 16-6 


Teacher of Chemical Engineering Ph D B h.E.. Michigan 


experience. Six vears’ excellent 
June 1950 Age 31. single. Five years’ in diversified pilot plant experience including 


STANDARD STEEL CORPORATION dustrial experience, four years teaching catalytic cracking and synthetic fuels de 


experience. Desire permanent teaching po velopment. Three vears as head of pilot 
sition with opportunity for research plant department. Commercial refinery ex 
Angetes 58 perience also. Box 15-6 
festers Address 123-35 Newbury Street, Bester 
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(Continued from page 39) 
A.LC. MEDAL WINNER 


W. J. MURPHY 


Walter J. American 
cal Society editor, of Washington, D. C.., 
received the 1950 gold medal of the 
American Institute of Chemists at the 
twenty-seventh annual meeting of that 
Institute held May 12 at the New Yorker 
Hotel. The medal was presented by 
Lawrence H. Fleet of New York, presi- 
dent of A.LC. Since 1943 Dr. Murphy 
has been editor of three A.C.S. publi- 
cations: ~Chemical 
News, Industrial and Engineering Chem- 
istry, and Analytical Chemistry. 


THREE DU PONT MEN 
GO TO LOUISVILLE 
Three members of A. I. Ch. E. have 
recently been transferred to the Louis- 


ville (Ky.) plant of the Du Pont Co. | 


from other plants of the company. 


David G. Cushing, formerly in the 
Wilmington engineering department, is 


now in a similar capacity with the 
Louisville plant. 
Frank B. Roberts and Robert A 


Hammond, both previously connected 
with the Chambers Works, are in the 
development group. 

Robert 


H. Kittner formerly 


vice- 
president of Glenn L. Martin's chemi- 
cals division, was recently appointed 


production manager of Industrial Rayon 
Corp., Cleveland, Ohio. A chemical en- 
gineering graduate of Case Institute of 
Technology, Mr. Kittner received a de- 
gree of chemical engineer from Colum- 
bia University upon completion of grad 
uate work in 1929 and was associated 
with the Hard Rubber Co. 
from that time until he joined the Glenn 
L. Martin organization 


American 


He organized 
Martin's chemicals division in 1944 and 
subsequently became vice-president in 


charge of that division. He resigned 
this year after Martin's chemicals divi- 


sion was bought by U. S. Rubber Co. 


Edwin J. Barth petroleum technolo- 
gist, has joined the Gulf Oil Corp., 
Pittsburgh, Pa., as a technical consult- 
ant in the general sales division. 


Vol. 46, No. 6 


and Engineering | 


Chemi- | 


ARTISAN 


Pilot Plants and Processing Equipment 


Artisan is an outstanding source for 
your Pilot Plant and Special Continu- 
ous or Batch Complete Processing 
Unit. 


Chemical engineers and mechanical 
engineers combine their experience 
with skilled shop men to develop and 
manufacture excellent mechanical and 
chemical processing equipment. Our 
chemical engineers design complete 
plants and individual stills, evaporators, 
condensers, reactors, piping and tanks. 
Our mechanical engineers develop spe- 
cial conveyors, solids handling devices, 
vacuum closures and special mechani- 
cal processing units. 


Their combined experience and skills 
go into the completed equipment. 


Telephone or write for an engineer to call—We have 
Engineering Representatives throughout the United States. 


ARTISAN METAL PRODUCTS INC. 
Engineers and Fabricators 
Waltham 5-6800 73 Pond St., Waltham 54, Massachusetts 


TRANSPARENT VITREOSIL (vitreous silica) 
TUBING AND ROD 
Prices recently reduced by 20% 
Ut Violet Radiation 


Chemically and 
Catalytically Inert 


Useful up to 1000°C and 
under Extreme 
Shock 


Rod available in sizes up to 
1” diameter 


Send for Bulletin £9 covering specifications 
and prices on standard sizes 


The THERMAL SYNDICATE Ltd. 
12 East 46 Street New York 17, N. Y. 


> (VITREOSIL 
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HORTON 
WATERSPHERE 


This graceful Watersphere supplies 
100,000 water under tool 
pressure to the auto 
sprinklers at the Brunswick, 
plant of the Industrial 
Corporation 


gals. of 
proot gravity 
math 


New 


lersey 
Waterspheres for fre protection 
available in standard ca 
pacities from 25,000 to 150,000 gals 
Write our nearest office for informa- 
thon of quotations 


CHICAGO BRIDGE 
& IRON COMPANY 


213) Healey 
1540 North Fiftierh St 


systems are 


1541 General Petroleum 
— es 


Plants ot BIRMINGHAM, CHICAGO, 
SALT LAKE CITY, ond GREENVILLE, PA. 


THRODAHL ADVANCED 
BY MONSANTO CHEM. CO. 


Appointment of Monte C, Throdah! 
as research supervisor in rubber chem- 
icals was recently announced by Dr. W. 
P. Metzner, director of research for 
Monsanto Chemical Co.'s rubber service 
department 

Mr. Throdahl, who joined Monsanto 
at Nitro, W. Va., in 1941, after receiv- 
ing a B.S. degree in chemical engineer- 
ing from Iowa State University, served 
during the past year in a liaison capacity 
between the research and sales depart- 
ments of the rubber service department. 
this assignment to- 
gether with supervision of the rubber 
chemicals laboratory and will assume 
added responsibilities for rubber chem- 
icals and control laboratory operations. 


He will continue 


E. J. Kimmel has been transferred 
to the research department of Joseph E. 
Seagram and Sons, Inc., from the power 
house staff. 


C. F. Rassweiler was elected presi 
dent of the Industrial Research Insti- 
tute, Inc.. New York, N. Y., for the en- 
suing year at the thirteenth annual meet- 
ing held April 26-28 at the Westchester 
Country Club, Rve, N. Y. Dr 
ler is vice-president for research and de- 


Rasswet- 


velopment of the Johns Manville Corp.. 


Ne w York, N. A 


Stanley S. Morris formerly research 
engineer of the 
Newark, N. J., is now chief chemist of 
the Dobbs Chemical Co.. New Haven, 
Conn. 


Interchemical Corp., 


Bernard Wendrow is now associated 
with the Mathieson Chemical Corp.. 
Lake Charles, La. He formerly 
graduate student in department of chem- 
ical at the 
Texas 


was 


engineerme University of 


Milton R. Beychok recently took the 
position of chemist with the 
Rothschild Oil Co.’s refineries. He is a 
chemical engineering graduate of Texas 


chief 


A. and M. College and was employed in 
Petroleum’s 
ery and in Shell Oil's research depart- 
ment as a research chemical engineer 


General Torrance refin 


R. L. Huntington, chairman of the 
school of chemical engineering. Univer 
sity of Oklahoma, Norman, Okla., has 
written “Natural Gas and Natural Gas- 
published by the McGraw-Hill 
Book Company, Inc. The book, Hunt 
ington’s first, was written to meet the 
need of students taking 
courses which deal with the production 
of natural gas from crude oil, conden 
and the manu- 
facture of liquefied products from this 


oline,” 


engineering 


sate and dry gas fields 


raw material 
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D. M. Shapleigh is now mill mana- 
ger of the Superba Mills, Inc., Hawkins- 
ville, Ga. He was formerly general man- 
ager of the New England Forest 
Products, Inc., North Wilbraham, Mass. 


Paul K. Mulvany recently joined the 
staff of the California Research Corp., 
Richmond, Calif., as a research chem- 
ist. He had been at the University of 
Washington as a teacher on a part-time 
basis while pursuing the degree of 
Ph.D. 


Chester A. Snell represented Foster 
D. Snell, Inc., at the First United States 
Technical Conference on Air Pollution 
held at the Wardman Park Hotel, 
Washington, D. C., May 3-5, under the 
sponsorship of the Federal Interdepart- 
mental Committee. As director of the 
analytical department of the firm Dr. 
Snell has had occasion to conduct many 
extensive surveys of air contamination 
and has presented a number of papers 
on the subject. 


L. W. Rothenberger is now plant su- 
perintendent of the Hercules Powder 
Co., Klamath Falls, Ore. He was for- 
merly assistant superintendent of the 
company at Hattiesburg, Miss. 


Donald E. Garrett recently completed 
his dissertation work at Ohio State 
University and is now with Dow Chemi- 
cal Co., at Pittsburg, Calif. 


Howard A. Blyth has been trans- 
ferred to the Warners Works of the 
American Cyanamid Co., as assistant 
works manager, effective July 1, 1950. 
Previously he held the position of group 
leader, chemical engineering division of 
the company’s Stamford Research La- 
boratories, Stamford, Conn 


Necrology 


WILLIAM H. GABELER 


William H. Gabeler, manager of the 
phosphate rock division of the Davison 
Chemical Corp., Baltimore, Md., died 
April 29 in Bartow, Fla., where his office 
was located and where the company has 
phosphate mining interests. He was 58 
years old. 

Mr. Gabeler joined Davison in 1920 
and was assigned to assist in the devel 
opment of the phosphate rock properties 
of the corporation at Bartow. Subse- 
quently he returned to Baltimore and 
helped in the development of several of 
the corporation’s engineering projects, 
among them the commercial manufac? 
ture of silica gel and the development of 
various fertilizers. When the Davison 
corporation was chosen by the Rocke- 
feller Foundation to make a survey of 
the phesphate rock industry in Brazil, 
Dr. Gabeler was delegated to do the job. 


June, 1950 


| 

e 

provides dependabl 

fire protection 

Birminghom | 

Boston 10 105S—20! Devonshire St 
Chicege 4 2138 McCormick 

Cleveland 15 2232 Gvwildhall Bidg 

Dewrow 26 1546 Lefeyerte 

Heveren 2154 Netene! Srenderd Bidg 

New York Bide 

Priledeiphia 3 1640—1700 Walnut Street Bidg 
Salt City 4 560 17th South 

Sen frencisce |! 1236—22 Battery Street Bide 
| Seattle | 1360 Henry Bidg 
Tulse 3 1643 Hunt Bidg 
Hie 

4 


Page 
Ajax Flexible Coupling Co., Inc.... 31 


Aluminum Co. of America—Chemi- 
cals Div. 


Buflovak Equipment Division ...... 17 | 
Celanese Corp. of America ...... 23 
Chicago Bridge & Iron Co........ 42 
Cleaver-Brooks Company ........ 7 | 
Climax Molybdenum Company ... 39 
Cooper Alloy Foundry Co. ....... 27 
Croll-Reynolds Company, Inc. .... 43 
Dow Chemical Co. ............. 25 
Foster Wheeler Corp. ........... 13 
ed 12 | 
General American Transportation 


Corp., Process Equipment Div.... 44 
Turbo-Mixer Div., 


| erystallizers and othe 


Inside Front Cover 
General Ceramics & Steatite Corp.. 30 
Hammel-Dahi Company ......... 28 
Hardinge Company, Inc. ........ 43 
Hills-McCanna Co. ............. 33 
Kinney Manufacturing Co. ....... W 
Link-Belt Company ............. a 
National Carbon Company, Inc.... 14 
Proportioneers, Inc. ............ S| 
Prufcoat Laboratories, Inc. ....... 36 
Read Machinery Division of The 
Stondard Stoker Co., Inc. ...... 32 
Sparkler Manufacturing Co. ...... 8 
Standard Steel Corp. ........... 40 
Streeter-Amet Co. 38 
Swenson Evaporator Co., Div. of 
Whiting Corp. ......... Bock Cover 
Thermal Syndicate, Ltd. ......... 4) 
Turbo-Mixer Corp. . .Inside Front Cover 
226 


Union Carbide & Carbon Corp.... 14 
Vulcan Copper & Supply Co., 
Inside Back Cover 
Whiting Corp., Swenson Evaporator 
Back Cover 


Vol. 46, No. 6 


\s 


“Don't jump! There's still hope! Try the Hardinge ‘Packaged’ Grinding 


Unit.” 


or dry. 


(For laboratory, pilot plant or small commercial operations, wet 
Completely self-contained. Write for Bulletin AH-373-40.) 


YORK, PENNSYLVANIA — 240 Arch St. + 
NEW YORK 17—122 E. 42nd St. - 
SAN FRANCISCO 11—24 Califernie St. 


Many stills, dryers, evaporators, 
processing 
vessels are operating at vacua lim- 
ited by the vapor pressure of the 
condensate. This means on the aver- 


| age an absolute pressure of about 


2.0" Hg. Most owners of such equip- 
ment do not realize how practical 
and economical it is to put a Booster 
Evactor in the line between the ves- 
sel and the condenser and maintain 
an absolute pressure of 0.5", 0.25" 
or even lower. The benefits of this 
higher vacuum in improving qual- 
ity and capacity are _ very sub- 
stantial. 

The steam jet type of vacuum 
pump has continually gained in fa- 


a 


REYNOLDS Chill-Vactors 


are your e@ STILLS 


DRYERS 

EVAPORATORS 

CRYSTALLIZERS 

PROCESS VESSELS 


OPERATING AT VACUUMS LIMITED BY 
THE VAPOR PRESSURE OF THE CONDENSATE? 


vor for high vacuum in industrial 
process work. The total absence of 
moving parts is a big advantage and 
means many years of service, with 
no maintenance cost. Available in 
single, three-, and five- 
stage units for vacuum from a few 
inches up to a small fraction of 
1 mm. the. absolute. 
Croll-Reynolds have been special- 
izing on this type of equipment for 
over 30 years, and have made thou- 
sands of separate installations. Their 
engineers have extensive experience 
in applying it to numerous different 
processes, and are available for con- 
sultation without obligation. Liter- 
ature is also available on request. 


17 JOHN STREET, NEW YORK 7, WN. Y. 


205 W. Wecker Drive—CHICAGO 6 
200 Bay $¢.—TORONTO 


(aR CROLL-REYNOLDS CO., INC. 


Steam Jet Evectors Condensing Equipment 
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CREATIVE. 
«FILTER 
ENGINEERING 


Leaf Pressure Filter brings big advantages with 
“non-opening” operating cycle 


Cyclic filtration of 
slow filtering slurries and 
clarification of suspensions 


What are the big advantages of the new 
Conkey “‘non-opening™ cycle operation? 
Maximum labor saving obtained here! 
Only occasional valve manipulation 
needed. No worker-handling of filter cloths 
because the filter is not opened for cake 
discharge. Volatile solvents can be handled 
with negligible evaporation losses. Less 
danger to personne! from corrosive liquids. 
The entire filter may be insulated for 
operation at high or low temperatures. 
And the extremely compact design makes 
for minimum cubic footage and low 
installation charges. 

Rotation of leaves prevents settling. 
This helps build a non-tapering cake of 
uniform thickness and porosity for posi- 
tive washing, maximum drying and clean 
discharge. 

Other outstanding features: Filter me- 
dium may be either metal or fabric. Quick 
filter cloth changes are easily made by 
sector removal through inspection doors. 
Dry or sluicing cake discharge is provided 
for with complete cake discharge and 
cloth cleaning result. 

To make some interesting comparisons, 
write for Technical Bulletin No. 105. 


Process Equipment Division 
17 GENERAL AMERICAN. 


Dewaterers, Dryers, Towers, 
Bins, Kitne, Pressure Transportation Corporation 
Sales Office: 10 East 49th Street, New York 17,N. Y. 
OFFICES IN ALL PRINCIPAL CITIES General Offices: 135 S. La Salle St., Chicago 90, Ill. 
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These 42” diameter 304 stoiniess stee! spheres ore for the 
storage of monomer chemicals. with on opercting temperature 
of minus 58°F. ond @ pressure of 500 psig. The welding of the 
12 spherical segments to form each tonk wo: performed in com. 
plionce with Poregraphs U-69 ond U of the ASME Code. 


A vertical flash eveporator body — 12’ in height, 54” ond 24” 
in diometer, built of thick type 316 extre low-corbon 
stoiniess steel, Use of expansion joint simplified ao difficult 
spoce problem on the circulating pump piping. 


Prcnsandiey equipment design of chemical process 
vessels frequently requires something more than just 
another tank. Vulcan handles many such design and 
fabrication problems and is providing numerous special 
purpose vessels to process users. Three recent examples 
ore illustrated. 


tems such as flash coolers, reactors, decanters, perco- 
lators and separators are constructed. Often storage 
drums and tanks require speciol features. Complete 
evaporation units, single or multiple effect, natural or 
forced circulation, are built. The individual items — 
bodies, calandrias, heat belts — also are available. 

A horizontal esterification kettle — 34’ in length by 10° 9” Comparison on cost can be made between any of the 

in diemeter, built of ——— deoxidized copper, using the metals — solid, clad or lined — through Vulcan's wide 

range of experience in alloy as well as copper and steel 
fabrication. Acetic acid, ethylene glycol, isopropanol, 
fatty acids and pharmaceuticals are typical products 
being handled in Vulcan-built equipment. 


PILOT PLANT 


distillation PROCESS DESIGN 


processes and equipment a 


THE VULCAN COPPER & SUPPLY CO.. General Offices end Plent, CINCINNATI, OHIO FIELD ERECTION 


| not just another - to) | 
| 
| 
| — 
INITIAL OPERATION 


“rr 


IN YOUR PROCESS? 


When we at Swenson embarked on our 
long-range program of adapting spray dry- 
ing to chemical processing applications, we 
anticipated a great many surprises. 


But, frankly, our Swenson engineers are 
somewhat amazed at the number and variety 
of applications where spray drying seems to 
provide a long-sought answer. It converts 
solutions or suspensions directly to dried prod- 
uct in a matter of seconds—ready for packag- 
ing—without any other processing steps. 


Bulletin D-105 
tells the story 
concisely. 


We invite you to 
write for a copy. 
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SWENSON EVAPORATOR CO. 


DIVISION OF WHITING CORPORATION 


15690 Lathrop Avenue Harvey, Illinois 
Bestern Sales Office and Export Department: 30 Church Street, New York 7,N.Y. 
in Ceneda: Whiting Corporation (Canada) ltd., 47-49 Laplante Ave., T to 2 
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